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3     ABSTRACT 

This   final   report  documents  a  research project   that  addresses   the   impact  of 
instructional   technology  (I.T.)   on  the   technical   training of military personnel.     The 
research was  directed   toward  (1)   measuring  benefits   that   the Department   of  Defense 
might   gain  through  increased utilization of  I.T.   and  (2)   postulating new  research 
objectives  and   programs  that would make  poMlbl«   Hie  realization  ol   these benefits. 
Potential   savings  in cost  and manpower   from  I.T.   were estimated  using  a   1 argf  d:ita 
base,   consisting of  actual  military data  on  training costs   lor  specific  courses with 
known  student   loading  in graduates  per  year  (labeled  thrmighput   based upon  number o( 
students  graduated).     A simple mathematical  model  was used   to estimate  potVBtlft]   rv- 
ductions  in crurse   time  for  samples  drawn   from  the data  IMM  oi   over  4000  courses. 
Exemplary  calculations  for over  100   formal   technical   courses were  performed. 

The   results   indicate   that   the  DoD  can  anticipate  substantially   reduced   training 
costs  by  future utilization   if   innovations   in  I.T,     The most   slgnilleant   vaitables 
contributing   to  cost  savings are  instructional   strategies  and methods.     Courseware and 
equipment   costs were determinec1  to  have  less  impact  on cost   savings   than was pre- 
viously considered.     The research   results  suggest   that   the  DoD  should expand  its use 
of   I.T.   to  both  nontechnical   and  on-the-job  training. 

Research  in   live areas  is  recommended:     (1)   instructional   strategies,   (2)   curric- 
ula  and  courseware development,   (3)   course evaluation methods,   (4)   equipment   and   (5) 
benefit  and cost  analyses.     These exploratory  research  findings   indicate  that  a basic 
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ABSTRACT 

This   rtiial   report   dOCUBBlltl   ;i   rusuarch projoft   Mat   acidrussos   the 

impact   of   instructional   icclinolo^v   (I.T.)   on   the  technical   training  oi 

military   personnel.     The   research  was   directed   toward   (1)   measunnu 

henelits   that    the   Department   oi   Delense   Bight   gain   through   increased 

utilization   ol   I.T.   and   (2)   postulating   new   research objectives   and 

programs   that   would  make   possible   the   realization  of   these  benelits. 

Potential   savin-s   in  cost   and  manpower   1rom  applied  I.T.   were  estimated 

usin^   a   larga   data   base,   consisting  of   actual   military  data  on  cost   and 

school   throughput,     A  simple  malhomalical   model  was  used   to   estimate 

potential   reductions  in course   time   for  samples drawn   1rom   the  data  base 

Of over   1U0()  courses.     Kxemplary  calculations   lor over   100   formal   tech- 

nical   courses were  perl'ormed. 

The   results   indicate   that   the   Uol) can   anticipate  substantially 

reduced   training  costs   b\   future   utilization  ol   innovations   in   I.T.     The 

most   BlgBlficaat   variables  contributing  to  cost   savings  are   instructional 

stratotfies  and  methods.     Courseware  and  equipment   costs  were  determined 

to   have   less   impact   on  cost   savings   than  previously  considered.     The 

research   results   lUggaat   that   the  DoO  should  expand   its   use  of   I.T.   to 

botii nontechnical  and on-the-,ji>b  training. 

Research   in   live   areas   is   recommended:      (1)     instructional   strategies, 

(2)   curricula   and  courseware  development,   (3)   course  evaluation  methods, 

(4)   equipment,   and  (5)   benelit   and  cost  analyses.     These exploratory 

research   lindings   indicate   that   ■   basic   I.T.   research  center   is  desirable 

for the   IXJD. 

HI 



 _. -...—,-.,_..... 

CONTENTS 

ABSTRACT .... 
     i i i 

LIST OI'' ILLUSTRATIONS. . . 
      Ix 

LIST OF T-VLES  
       xl 

GLOSSARY   
     xlll 

PREFACE  
      xv 

I  INTRODUCTION  

II  SUMMARY   

A.   Technical Problem  

B. Methodolottv.   ... s     1 

C. Technical Results. . . 
  5 

D. Department ol Defense Implications   6 

E. Implications for Future Research   7 

III  BACKGROUND  

A. Instructional Technology   9 

1. Benefits  n 

2. Training Effectiveness  ln 

B. Research Objectives  ,, 

C. Achieving the Objectives  j9 

D. The Use of Instructional Technology in Traini-.g. ... 12 

1. Training Costs  ,6 

2. Computer-Based Instruction  21 

IV  COST ANALYSIS   

A-   Dat:1 n—  25 

1 .   Data Survey  9r 

2. Data Collection  9g 

3. Summary of the Data Base  .j0 

■1.   Sufficiency and Comparability of Da'a        1 

B.   Sample Data for Calculations         3« 

Preceding page blank 

       .. ^. 



  

IV  COST ANALYSIS (continued) 

B. Mathematical   .Model   and   Payoff   Criteria  

1. Overview  

2. The  Payoll   Criterion  

3. Significant   Variables     

•1. Estimation ot r (CT;  

C. Cost and Manpower Savings Calculations   

1. Variables and Parameters  

2. Kquations   

3. Parameters and Variations   

V  MAJOR FINDINGS  

A. Measurement of Benefits  

B. Commonality  

C. Training Philosophies  

VI  RECOMMENDATIONS   

A. DoD Research on Instructional Technology .... 

1. The Theory of Instructional Strategic.-. . . 

2. Curricula and Courseware Development. . . . 
3. Evaluation  

4« Hardware and Software   

5. Benefit and Cost Analysis   

B. Instructional Technology Research Centers. . . . 

1. The Basic Instructional Technology Research 
Center  

2. The Operational I.T. Research Centers . . . 

REFERENCES   

APPENDICES 

A    REPORTED INSTRUCTIONAL TECHNOLOGY APPLICATIONS 

SELECTED FROM LITERATURE SURVEY  

B    SOURCES OF TRAINING COSTS AND THE NUMBER OF 
TRAINEES   

31 

3-1 

36 

36 

13 

18 

M 
50 
51 

88 

88 

6H 

69 

71 

1 

72 

73 

75 

75 

76 

7H 

79 

82 

85 

89 

97 

vi 

" ■ - ^ ■  ■ ■ " ■ -    . i ma^n  .. 



"«^w^    

APPENDICES (continued) 

C   COMPUTER PRINTOUTS 

I)   ESTIMATED VALUES OK r (CT) 

DD Form 117:5 

119 

Bound separately as Volume II. 

vii 

■rt ■■ laim mm i —— ■ 



WB^^"*""'       -^   —* mrn^f^^mmmm^n^^^r^^ 

ILLUSTRATIONS 

1 Estimated DoO Military Training and Total Expenditures 
Compared with the GNP:  1965 to 1975  17 

2 Range of Cost per Student Hour lor 17 Instructional 

Techniques, 1969 to 1970. Compared with 1975 CAT Estimate . .    20 

3 Effects on Dollar Savings (Training Costs) for Sampled 

I'.S. Army Training Courses from Varying the Value of 
C(CT) for 1 I.f. Delivery Costs (C ). . . .„ 

jr              •'•> 

-1 Effects on Dollar Savings (Training Costs) for Sampled 

U.S. Air Eorce Training Courses from Varying the Value 

of 5(CT) for 1 l.T. Delivery Costs fC_)     M 

5 Effects on Dollar Savings (Training Costs) for Sampled 

U.S. Navy Training Courses from Varying the Value of 
C(CT) for 1 l.T. Delivery Costs (Cp)     55 

6 Effects on Dollar and Manpower Savings for Sampled 

U.S. Amy Training Courses from Varying l.T. Delivery 

Cost (CE) and Course Development Cost (Cr) for Constant 
r(CT)  rr      56 

7 Effects on Dollar and Manpower Savings for Sampled 

U.S. Air Force Training Courses from Varying l.T. Delivery 

Cost (CF) and Course Development Cost (Cr) fur Constant 
f(rT) •     57 

«  Effects on Dollar and Manpower Savings lor Sampled 

U.S. Navy Training Courses from Varying l.T. Delivery 

Cost (CE) and Cou.se Development Cost (C ) for Constant 
C(CT)     5« 

9   Illustrative Sample Printout  g.^ 

10  Sample Navy School Course Hepoi 1  104 

Preceding page blank 
ix 

... --,..,,..^., ■!--'-——■-n» HIM»M 1 —"—*—t-J—*•-—-       ...... ^^-        ..■M«at*JLJ.  ^v-. 



 m~~ir*imm*r* -———!-«.—T-r™-~—.™»»^—p^»  "■"! •     ■" ■■•■»■  I PW^H^mM iimnuuv nil*   ■ « 

TABLES 

1 Estimated DoD Military Training  Expenditures:   1965-1975 

2 Data Survey Contacts     

3 Interrelationships Among  the Variables     

4 Categories  of   6(CT)       

I Variables Used  in the Calculations     

6 Parameter VMrifttlon Values  

18 

27 

42 

44 

48 

52 

Preceding page blank 
xl 

— —  tm  11 il ■ 11  I ■ ■ ~~^m^ma*am utm 



Symbol  or  Acronym 

AFB 

APtC 

AFIPA 

AltPANET 

CAI 

CBI 

cc 

IMP 

CM I 

CONARC 

CONUS 

cr 
^(CT) 

DoD 

GNT 

HumKllO 

I.T. 

K 

MIT 

MOS 

NEC 

NIH 

NSIA 

OJT 

Preceding page blank 

GLOSSARY 

Title  on 
Computer  Printout Dei init ion 

$COMP 

ITOT 

CAT 

Air  Force   base 

Air  Force  specially clastilication 

Advanced   Research  Projects  Agencv 

ARPA Network  (Computers and 
Communications) 

Computer-assisted   Instruction 

Computer-based   instruction 

Couruware   costs   (dollars   per 
courseware   hour) 

Equipment   costs   (dollars   per 
terminal   hour) 

Cost   per graduate 

Cost   of   implementing   I.T.   equip- 
me n t 

Computer-managed   instruct ion 

Continental   Army  Commnnu 

Continental  United States 

Annual   total  cost  of  training 

Fractional   reduction in course  time 

Department   of  Defense 

Gross   nat ional  product 

Human   Resources   Research  Organization 

Instructional  technology 

Ki'o   (1000) 

Massach     etts   Institute of  Technology 

Military   occupational   specialty 

Naval   enlisted classification 

National   Institutes  of   Health 

National  Security  and   Industrial 
Associat ion 

On-t he-,job-1 raining 

xiii 

.m ^^^g^tammimm fc^lri»'     i i   



m m*^ •^rmw^m^m "■, '  ■  i"«^!"      ■■■  ■■■ ■" tm^^inmw^ 

GLOSSARY 
(cont inuoii) 

Symbol  or Acronyr 

Title on 
Computer Printout Uol'init ion 

ONR 

0T 

PLA10 

Sc 

SM 

SRI 

t 

TICCIT 

SCAV 

MANSAV 

CT 

TP 

Of lice  of   Naval  Research 

On-line   load   factor 

Programmed   logic applied  to 
teaching operations 

Total  dollar savings per year 

Total  man-years  saved per year 

Stanford   Research  Instuute 

Course  time   (weeks) 

Time-shared,   interactive,  computer- 

controlled information television 

Throughput    (graduates  per  year) 

xlv 

mam MMMMMA *■"■-  "-■ .. -., 



raiPACi 

This siuii\ was intended to provide datu useful to the Defense 

Advsncsd Rssssrck Projsoti Agency in fonsulstlni its resssrcli procrsn in 

Advsnced rrslnlng Technology. 

The   work   foCUSSd  on   the   estimation  of  cost   savings   rssulting   1rom 

different sssuHptioni about: the cost of delivering trsining per student 

contrsd hour; the cost of developing trsining courses usinf{ advanced 

trsining; and the saount of reduction in trsining time resulting from 

use of advanced trsining technology, vsrisblj paced and delivered in a 

form individualized to meet the needs of individual trainees. 

The report points out that the reader should not interpret the 

estimated ssvingS literally.  The figures can only he taken as indications 

Of trends in the field.  The report quslifiei the findings in a number of 

ways, including: 

1. The course sample is several years old and the nature of the 

courses, number of students, and t lie course length have changed 

in a number of cases resulting in ChsngSI in potential savings. 

2. The pi luedurs for SStiMltlng the reduction in course time was 

applied consistently across the course sample and, therefore, 

gives relative values on savings, however the procedure relies 

heavily on the professional JudgBMntl of the project staff 

rather than direct measurement. 

3. The measurement of course cost is handled in different ways 

by the gcrvic« s of the Armed Forces. 

1.   Savings are dependent on shortening of course time which, in 

turn, is dependent on individualizalion of instruction resulting 

in a spread over time of course completion by trainees.  The 

potential savings can only be achieved if post course assignment 

procedures can effectively put students into productive aciivity 

as they complete the course. 

xv 
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The report doos Identify iaportanl relatlonabipi betwn tbc key 

par;imc'tc.'s   of   ICHIUC I ion   in   COIirsc   linu',   cost   oT  Ui'livcry,   ami   cost   of 

di'vrlopmtMit.      I l    is   on   tlusc   relationships   tlial   llu'   report   fcfommt'iuial ions 

are   based. 

Thomas C. O'Sullivan 

Project  Director 

Advanced TralninK TechaolOfJf 
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1      INTRODLCTION 

Instruct tonal tachnolosy (I.T.) is bactnnlns to sffoct trnlnlng 

wUlui-   Ihv   ".S.   military   csl abl i sUmenl .      In   iacl,   DO  itngl« organlnntton 

is   likuly   t«   pusli   insl ruct ioiuil   tachnolocy   ionvanl  OH   a  broad   in.nt 

iaslor  than   I lie  U.S.   military.     This   report   ck-scribes   the   liiuliims  oi   I 

research  program conducted  In   Slanlord   lic-searcli   Institute   (SKI)   lor   t he 

Advanced   Research   Projocls  Agency    (ARl'A)   oi   i lie   IX-parlment   ol   Deiense 

(ÜoD).     The   year-lonn   study   locused   on   (1)   the   role  ol   I.T.    in   the   U.S. 

military   training  programs and   (2)   the  necessary  research  programs  re- 

quired   tor  the DoD  to bcneiit  i'rom  I.T. 

The   analysis   of   this   role   required   the  cooperation   ol   the   three 

major  military   services.     SKI   wishes   to   thank   the   various  ollices   within 

the   services   for  their   invaluable  cooperation   and  contributions   to   this 

study. 

This   report    is   divided   into  six  main   sections   and   several   appendices. 

Following   this   introduction   (Section   1),   Section   !I   summarizes   the   tech- 

nical   problem,   methodol^v   used,    research   results,   and   implications   oi 

these   results.     Section   111   identilies   I.T.   research  programs   ami   rele- 

vant   data   within   the   DoO.     Section   IV  presents   numerical   estimates  of 

potential   savings   1rom   I.T.   using   I   computational   model   based  upon   1971 

and   1972  cost    and  manpower data.     Section   V  discusses   inlerences   Irom 

the   computational   model,    implied   trends,   and  deductions   about   luture 

research.     SecLion VI   Mlffgaati   lulure   research   to  enable   the  DoD   to 

realize   benefits   Irom   I.T.     One  of   the   important   research  alternatives 

is   the   implementation ol   I.T.   research  centers.     The   .ppendices  cover  a 

survey  of   reported   I.T.   applications,   source  documentation  on   training 

costs   and   number  of   trainees,   a   summary   of   the  cost   calculations,   and 

representative  experimental  values of   course   lime  reductions  used  as 

calibration data   lor  the calculations. 

IMMMMMMMai 



11     SUMMARY 

A.       Technical   ProbLem 

This  sludy  locuses on  the  relationship of   instructional   technology 

(I.T.)   to  military  training and   the  research  thai   must  be  conducted   to 

enable   the military  to  realize   the  benolits  inherent   in  this new   tech- 

nology. 

I.T.   has   been  delinetl   us   "a   systematic  way  ol  designing,   carrying 

out,   and   evaluating   t lie   total  process   of   Learning   anil   teaching   in   terms 

ol   specific  objectives,   based  on   research   in   human   learning  and   fommuni- 

cation,   ant!  employiiif;  a  combination  ol   human   and   nonhuman   resources   to 

.,1* 
bring  about   more  effective   instruction. I.T.   thus   involves   the 

combined  use of   modern   technological  devices  and   individual  and  group 

motivatinj;   techniques   to   improve   the   instructional   process.     These  tools 

and   techniques   include   individualized   Learning!   peer   instruction,   group 

dynamics,   audio-visual   aids,   programmed   instruction,   teaching  machines, 

and  the  computer. 

Experiments   in both military and  civilian educational   institutions 

have  suggested  that   I.T.   oilers  both   tangible  cost-eli'ective  benefits 

and others   less   tangible.     The measurement  of  these benefits  is   the   li^st 

step  toward  proper  identification oi   new  channels   lor  increased utiliza- 

tion of   I.T.   in  the military. 

The  research  objectives of  this   study were   to establish criteria   for 

measuring  the   tangible  benefits   >f   I.T.,    to   study   the  development   ol 

I.T.   within   the   services,   to  assess   the  present   and  potential   commonal- 

ity   of   these  efforts,   and   to  make   recommendations   to  exploit   (he   further 

benefits   of   I.T.      In  particular,   the   research  program was   specilically 

^References   are   listed  on pa^c  83, 
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inlcMidcd   to  postulate new research objectives  and  programs   that   would 

establish   a   loundation   lor  obtaining   these   poienl.al   benelits   irom   l.T. 

U.        Metl-.odjlo^y 

To  aclieve  the  research objectives,   oilorts were directed   toward 

measuring  jiotentiaL   cost   and manpower  savings  iroin applied  l.T.     This was 

accompl isiied   by : 

• Est aulishinf;  a  data  base   consisting  ol   training  costs   and 

throughpUtl   (uraduatos  per  yeur)   for  approximately   1000 

iormal   technicil   training  courses,   as   actually   recorded   by 

t lie  m 11 it a rv . 

• Identifying   the  Maningful   parameters  ol   l.T. 

• Developinn   a   simple  mathematical   model   that   determined 

potential  cost   and manpower  savings. 

betöre   the  potential  savings  in  dollars  and manpower could  be  esti- 

mated,   the  reductions  in course  langtll  resulting   1 rom  the application of 

l.T,   had   to  be  estimated.     Many  socio-psycholonical   variables  can  afiect 

the  amount   of   course   time  a  given  student   needs   to  cnmplete  any  Billgla 

course  successlully.     Thirteen  variables were  identified as  key  contrib- 

utors   to   the  expected  reductions  in  course   time.     Their  individual   effects 

were  integrated  into a  ■ingla  parameter,   the  fractional   reduction  in 

course   time,     (CT).     Calculations were  performed,   based upon estimated 

values  of   6(CT),   that   would   likely  be   realized   il   l.T,   were   introduced 

into  course  curricula. 

A   sample   comprised  of   about   120  courses   from  all   three  services   was 

selected   tot   the   evlculat ions,     The   courses   were  chos   a   to   represent    a 

diversity   of   curricula,   subject    to   t lie1  constraint   I hat   complete   data   on 

each  course   was   available.     Three  parameters   were   varied:      (1)   *(CT), 

(2)   1,T,   equipmenl   costs,   and   (;{)   courseware  development   costs.     The 

estimated   cost    reductions   (il   any)   were  quantifitMl. 

  



Cost  ami ■anpower reductlou wove chosen as ■oasurei  for providing 

quantitative  Lndicntiona ol   the principal  Factora involved in optimizing 

training effeotivenoaat    To optiaise in the short   run,   the savinga poten- 

tial was baaed on ■ 1971 "snapshot" oi   the  toraal Military  training 

schools   anil   \ \\c  potential   tor   improvement.     Since   the   t ntp i eiitenl at i on   of 

that   potential  will   Likel)   reeuire mans  yearai   it   is expected thai   ne« 

reQUirenentBf  now  instruct Lonal  stratogiea,   and now  technolog)  will   have 

to be conaidered as they arise  Ln the lutui-e.    Therefore!  the recomenda' 

lions   reported   herein   deacribe   programs   that    will    laci I it ate   appropriate 

evaluation   of    l.T.   and   msliniliona1   methods   m   this   continuing  evolution. 

Kslimatos   of   potent lal   savit'j.s   are   to   be    interpreted   as   guldelinefl   to   the 

areas  of   most   effect Lve   applicat ions  of   new   l.T.    m   1974   to   I07,r)   and   to 

research  opportunii ii's.      The  est imati-s   should   not    be   considered   as 

predict ions   ot   actual   savings   at    a   specilie   t i me. 

Technical   liesults 

The  calculations  BUggeat,   thai    tor   samples   ol   30  Air  lorce,   39  Army, 

and   ,")()  Navy   courses,   annual   dollar   savint'.s   of   SI '. 1   million,   ^ir>.()  million, 

and $13.3 million,   reapectively,   olghl   accrue   for  the sampled courses 

through   the   application  ol    l.T,     These  savings   were  calculated  baaed  upon 

assutifd  hardware  costs of   Sf),50  per   terminal   hour  and   total   courseware 

development   costs  ol  $2500  per couraeware  hour   for each  hour of  the 

COlirae   adapted   to   l.T.       Ii    is   not   certain   thai    these   projected   savings 

can  be  converted   into  actual   aavitlga   hecause  <(uest ions   remain  concerning 

reassignment   praotioea,   options   for   Increased   training,   and  other   laclors. 

However,   the   estimated  savings  will   certainly   contribute   to   Increased 

eltectiveness  Within   each   service. 

The cor respondi tu; annual  manpower aavlnga   for  the  sampled couraea 

under   the   same   assumptions   would   he   L1S0,    1280,   and   2:UU)   man-vears, 
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ivspectivoly.        I utorprct ln^   tliese   tigUT«!  as   general   indicators   and   not 

as   specilic  cmirse-vlependenl   data,    these   results   surest   that   implementa- 

tion ol   innovations   in  l.T.   in   t lie military  can  reduce   total   training 

cost s. 

By   tMtlng   Hie   sensitivity  ol   the   variables   in   the   eosl   model,   other 

imporianl   results  were  observed.     Considerable   sensitivity   to   the  varia- 

tions   in   5(CT)   is   noted.     Tin.   most   ■Ignlflcanl   variables  are   training 

strategies   and   instructional  methods,   which   impact   directly on     (CT). 

Common   curricula   indicate   that   the   services   already   see   ihe   value 

ol   shared   training  activities.     However,   there   are  several   advanta^'s   to 

increased  comi'onal i t y.     These  are  discussed   m   Section   V  ol   the   report. 

Although  increased  commonality   is  not   necessary   to gain  henetiIs   Irom 

I.T.,   the  project   team concluded   that    increasing  commonality   in   applied 

l.T.   will   result    i-    larger  cost   and   manpou   r  savings   than  would   otherwise 

accrue. 

1).        Department   ol   Delense   Implications 

In   the   DoO  training  system  about    hall   ol   the   training  occurs  on   the 

.job,   and   the   rest   is   lormally  organised   as   schooling.     For  all   training, 

however,   l.T.   which   uses     raining  aids   where   the   trainee   is   normally 

located,   oilers   important   and  worthwhile   savings.     The  minor  redireit ion 

of   training  philosophy   toward   increased   utili/.ation  oi   l.T.   that    is 

needed   to   rcali/.e   these  benelils   is  already  underway,      Kxamples   Include 

the   basic  electricity  and   electronics   training   at   Keesler Alii,   the Com- 

puterized Training  System   (CTS)   at   It.   Mommnith,   and   the   new   lechnuiues 

The   selection   Oi    OOttrneS   lor   the  Army   and  Air   Force   samples  was  made  on 
the   basis   ol    the   available   data.     The   Navy   samples  were   biased   toward 
those  courses  where  large manpower  savings  might   be  etlected.     The 
larger  sample  si/.e   and   the  bias   toward  manpower   savings  were  perl.rmed 
as   part   ol   a   related   study   lor ONH. 
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i'or  iraininu  in mathematics  and  engillMtlBg al   tht Air  1-orco Academy  at 

Colorado Spring!.     A  strong  trend  exists   toward   training  in   the   tiold 

and on board ship or ;;ircrari.   and   th«  idea  is  popular  among  lield com- 

manders.      It   the   transition   to  greater use  of   I.T.   in  military   training 

iB made  in ■  carel'ul,   continuous manner,   time  and  experience will  permit 

new  procedures,   policies,   and  equipment   to come  into  orderly use without 

disrupting  normal   operations.     Tints,   SRI   recommends   that   the DoD continue 

to   improve  allocations  of   training  resources  by utilizing  l.T.   throughout 

its   formal   and  inlormal   training programs. 

L.        Implications   tor  Future  Research 

The  potential   gains   in dollar and manpower  savings  are  large  com- 

pared   to   the  small   cost   associated with   t lie   risk   to   the  DoD  of   investing 

arklitional   lunds   in  lulure  research  in  I.T.     The  potential  gains  to   the 

DoD of   the   research  suggested  below   lie  in  its   commonality   to   all  military- 

services,   in  its   lundamcnlal   nature   (not   operational   or  developmental), 

and  in   its  ease  oi   integration with  projected   l.T.   systems.     The  re'-.-m- 

mendt 1  research   retlects   the   present   cost   study,   wh   ..    results  demonstrate 

that,   of   the  many  variables   ami   parameters   studied,    instructional   strate- 

gies   and  methods  have   the  greatest   impact  on   eost   savings.     The  purpose  of 

the   proposed   new   research   is   to   guide   and   to   clarify   an  oplumim   luture 

development    path   lor   I.T.   within   the   in i 1 i I nry . 

Five  domains  of   research  are suggested: 

(1) Theory oi   instructional   strategies 

(2) Curricula   and   courseware  development    lor  applied  l.T. 

(3) Course evaluation methods 

(1)     Equipment   and   software  aspects   of   applied   I.T. 

(5)      I.T.   benelit   and   cost   analysis. 

Future   lunding  should   be  applied   to   these  categories  on  a  priority  basis 

according   to   the   ranking   in   the   above   list. 

MH-M^ «MflBBM 



mmmmmmm 

I.T.   research  centers   should  be  established   by   the  DoD,   or  present 

-iucauonal   taeUities   should  be  l.p.oved   to  eoord.nate   research  activx- 

tl-  and   to   accelerate   the   application ,earch   results   f«.  the   l.T. 

laboratories   to   the   iield.      It   is   veconunended   that   a   basic   I.T  research 

center  be  establxshed   and   that   11   be  accessible   by  each  „ulitary  service. 

Also,   each „.ilUary  serv.ee   should enhance   its   present   operaUonal   centers 

The  basic   I.T.   research   center   should  no,   be  operated   by  any  specilic 

military  service. 

The   basic   research  center  should   be  orKanized   with   balanced  partici- 

pation ol   all   ,,u-ee   servues   n,   „und.      Us   objectives   should   be: 

• To  provide   a   foundation   lor nourishing   ba.lc   I.T.   research 

• To  monitor  and   vaUdate   the   future   benel i < .;   ol   l.T. 

• To  maintain   an  optimum path  for   the  OXpUMlon  of   I.T. 

in   t he   DoOt 

The  center  should   periorm  and   support   bas.c   research  and   be  coK.u.an. 

Ot   the  present   and   projected   state  ol   tta  ,rt   in   ,   -^     1{   ^^  ^ 

make   recommendations   and   iacilitate  research   in  "blue-sUy"   areas.     Wlnle 

11   is   dUticult    to   program  "blue-s,<y"   research  eltectively,    the  center 

snould  be   responsible   for   ident.lyin,  new  research  opportunities  and   for 

locating   appropriate   fundltlg   resources. 

The  cen.er   s.un.ld   be  available  as  a  breadboard   iacility   tor  outside 

-searchers,   and   it   should   provide   the   local   point    for  other   I.T.   work- 

shops.     Bach  milHary   serv.ee  should  augment   Us   existing   lacilities  or 

lunctions   in   l.T.   develo pment,   and  each  should  designate  one  of   | Is 

r-Cllltlet  as   an   I.T.   workshop  or   communica,.on   center   lor   interiacin, 

With   I he   basic   center. 
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111  BACKGROUND 

A.  inKtructionai Technology 

As discussed in Section II-A, I.T. combines modern technological 

devices and student motivatin- techniques to improve the instructional 

process.  One ol the key nonhuman resource elements ol I.T. may IK- the 

computer. 

The role that the computer plays in I.T. is growing.  Computer-based 

instruction (CBI) can be either computer-assisted instruction (CAI) or 

computer mananed instruction (CM1).  This report uses an expanded version ol 
2 

ol the Army's definition oi CAI and CMI.  CAI is a man-machine interac- 

tion in which most ol the teaching functions are accomplished by using 

the computer in direct support of a training situation.  Both training 

and tutorial logic are stored by the teacher or curriculum developer in 

the computer memory.  The techniques used in CAI include individualized 

instruction and group dynamics for simulation and gaming, logic problem 

solving, computation, tutorial dialogue, drill and practice, and others. 

CMI is an overall instructional management system in which detailed stu- 

dent information, complete curriculum data, and information on available 

resources are integrated to facilitate the development of individualized 

programs, to revise curriculum content, to provide the necessary counsel- 

ing and guidance, and thus, to bring about optimum instructional resources 

management. 

1.   Benelits 

Benelits from I.T. vary considerably, and no simple common 

element identifies all potential benefits.  Therefore, for the purnoscs 

of this study, these benefits have been divided into two categories ni' 

variables:  tangible and intangible benrfits.  No value rankings are implied 

by the order in which the two classes of variables are listed below. 
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(i)    Tangible benefit  variable! 

• Cost    rednet ions 

• Reductions   in   fcraining   lime 

• Shortening  Of   the   lime  needed   to   revise  curricula 

• Manpower  savings. 

(2)    Intangible benefit variables 

• Increased  compreluMis ion   and  perl'ormance  of   the 

st udent 

• Better  student   and   teacher  motivation 

• More  effective  use  ol   t lie  Military   services 

as   training   institutions 

• More   roenlislments   due   to   increased   training 

effectiveneai   and   student   satisfaction 

• More  options   lor  the   training  commands. 

Tangible   benefitl  can   be   translated  directly   to  dollar  savings 

Intangible  benefits   are   more  difficult   to  quantify,   but   both classes  of 

variables  affect   training   requirements. 

2.      Training  Bffeotiveneae 

The military services have a continuing need to improve the 

effectiveneai Of their training methods. Cost and manpower economies 

are   tought   at   every   level   in   t lie   DoU.     Although   training   is   becoming 

increasingly  complex,   savings   are   still   imperative.     While  1 lie 
3 

sophistication  of   equipment   has   dramatically   increased,      the   abilities 

of  men  coming   into   the   service   have   remained  constant.     These  problems 

will   intensify   as   the   services  shift   to   an   all-volunteer  force. 

♦The   impact   ot   this   problem was   accelerated   by   Secretary   Laird's 
announcement   of   the  early   termination  of   the  draft    (January   1973) 

10 
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The   services   are   now  iMgillllllli   to   shilt   the   responsUnlity   tot  train- 

lBi   to  smaller  units,   thus   Incr-.l».   the   need   for   improved   sell-uana.e.nent 

and   ^earnin, .„otivatxon.     At   the   level   ol   the  small   trains   unit,   tins 

.eans   t hav   tranunu  ■kill,   and   .id.   must   have  KVeator   I ransierabi 1 it y. 

„avmK   fCO&i**   ***  **   *** VOt^tUl  benelUs   >»d   requirements 

0f   I.T.,   the  services   have  revised  their  training programs  and  policies 

to   some  extent.1-'     However,   a   umiied,    internally   consistent   program 

remains   to  be   set   forth   to  measure  the   benelits   and   eifeetiveness  ol 

operational   programs   that   apply   the   results  of   I.T.   research. 

li.        Kesearch Object ives 

Military   training   is   always   in   a   state   of   revision   and  •od.n.U.tlOO. 

Tramin.  roc.uirements   change;   cost   reductions   are  made.     New   training 

oblectives   and   n.ethods   of   evaluation   are   steadily   being   introdueed.      New 

techniques   for   training   evolve.      It   is   widely   assumed   and   already   observed 

in  preliminary   experiments   that   I.T.    is   an   important   factor   in   this   dynannc 

field,   but   a   clear   r.le   has   not   emerged.     This   study   was   undertaken   to 

hoXp  place   I.T.   in   a   rational   perspective.     The   research  objectives  were: 

(D TO wtabiiasiho ss^giialor ™*surin*t he ass^jLasa 
effect i veness  of   I.T. 

• To  detemine   the   piramcters   to  be  mea^-ivu. 

• To   identify   selected   areas  of   training   subjects   where 

the   applicauion  of   I.T.   would   readily   yield   benefits. 

(2)     To  study   the   development   of   I.T.   t-ainmg  efforts   witlnn 

the   services   and   to   assess   the  eommonawty   of   these  elforts_. 

• To   relate   advantages   and  disadvanl aues   of   .joint 

training  programs   using   I.T. 

• To  determine   the   impact   of   increased   and/or  decreased 

common  efforts. 

U 
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(3)     To make  recommendations   to exploit   I He  iurtlior  bcnelits ol 

l.T. 

• To  postulate   the   basis   lor   training  policies   and   lutnre 

research  pro^rans. 

• To  provide   new  research  ob.iectives   that   will   establish 

t   lounoation   lor   realizing   lurther  benoiits   1 rom   l.T. 

The   re.'ommendalions   derived   from   this   study   are  giWD   In   Section   VI, 

pare   71. 

C.       Achieving   the   0. iectives 

To  aclueve   the   research objectives,   ellorls   were   directed  primarily 

toward  measuring  potential   cost   and   manpower  savings   from  applied   l.T. 

This   was   accomplished   by   identiiyin«   the  meaninnlnl   parameters   oi   l.T. 

and  developing   a  malhc.iUcal   model   based   upon  payoil   criteria.     Present 

military   training  programs   were  examined,    uul   a  considerable  data   base 

was   developed.     The   methodology   used   is  discussed   in   Section   IV. 

1).        The  Use  gf   last iiicl tonal   Technology    in  Training 

During  the   last   two  decades,   each  service   lias   explored   the   possible 

contributions   oi   l.T.    in   its   training  programs.      In   lact ,   the  military 

pioneered  most   oi   the   research   m   the   use  ol   Ulm,   videotape,   television, 

and  computers   as   instructional   aids.      Kach ol   the   services   has  estab- 

lished   its  own   training   objectives   and  pass'iail   criteria,   and  each  has 

also  developed   its  own   evaluation  procedures   lor  determining   the  extent 

to   which   training  objectives   have  been  satisfied. 

1 
Anny   goals   are  based   on   the   lol lowing  objectives: 

(1) Training  will   be  peri'ormance   based. 

(2) Tochniciues   ol   training   will   locus   less   on   subject 

matter and  more on  lunctional  context. 

12 
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(1)   T.,U„B 111 b. ^r«»«» "i"«- - —•«—"" "11 ,,c- 

on  a  no or BO-gO  basis. 

(5) nuuvuiuauzu^ methods   will  be  used  to  the  greatest 

extent possible. 

(6) ^.ecuate  ieec.bac.  .ill   be proved  at   .he  t«l.i«.  site  to 

H.  trainer,   and  the  training management, the  trai      ■,   tlw   tiainei, 
i   otoi om will  be  used. (7) A  rlBoroua quality  control  «slom will 

T„0  ,,.„-  l^tltutoc,  „US  syato» ..coao.o oi   .  convlc.io.,, 

haso.> u„o„ .  «ood  ..oal  ol  ovlHonco,   «Mt   n.o   looto.-o/ 

a««.«.l« i-„„.c,uo is „o, n,o -.. oiiociivo «t  

4 
to promote  learning. 

T1,0 Mr ««.,   -1*  -Copts o«  W..- -ly.'..   —■"   l" "" 

.„„«.  „^„u-o-lostructlooal  Sys,o., ..vo^.ont.     ».  .«.-  b,  .. 

Air Force  training   representative: 

T        «« of  training and  to  reduce  training   time   .... 
job-relevancy  ol  t.aining aU(,io-visual  devices 
U   calls  lor the  creative  use ol   ^^ lvccs  ihe 

in manpower rociuiromonts. 

in,-  to those Ol  the  Army.     Courses  are 
These goals  aid objectives  are  sinulai   to those 

tailored  to  tit  .ob perlormance objectives,   and criterion-based tests  are 

used.     u   is   .nplied that   every   student  .Ul   learn   the  necessary  .tob 

i   H   m-uching  the  man  and   the  .job more 
skills.     in  lact.   training   is   aimed  at   matchmg 

6 
nrociselv   than   in   the  past, P ■     ,        c       which  give   special   consider- 

The   Navv   has  the  lollowing  objectives   ,   which  gi 
7 

at ion to shipboard  requirements: 
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(1) To develop   individuaiized  training  involving specific 

learning  objectives  and  stringent  performance  evaluation. 

(2) To promote  simplification of   the  learning process  through 

increasing  hands-on  experience,   the  involvement   of   the 

learner,   and   the  use OJ   .ounjelors.     This   intensifies  the 

need  for well-integrated  training aids,   materials,   and 

devices. 

(3) To develop  valid  performance  measures  of   individual  and 

team proficiency   to  be  used   in  training  and   in  fleet 

operation. 

(4) To promote  shipboard  training where   it   can  be  clearly 

demonstrated   as  the  most   productive  site  for  a  training 

program. 

(5) To develop  effective  ways   to use  simple  synthetic  training 

devices  and  simulators  to  reduce  training   time  and  fleet 

training cost,   and   to   increase  standardization  of  perfor- 

mance  throughout   the  Navy. 

all  three  services  emphasize the educational  goals  of   individualized 

instruction  and performance   testing.     As  a  result,   the   large  lectures 

familiar  in  both military  and  nonmilitary classrooms  are  no  longer so 

pervasive.     The  instructional   strategies  most   frequently employed   in 

roaliziiiK  these  revised   training ^oals  are  self-paced   instruction 

(including programmed   instruction),   peer  instruction,     on-the-.job train- 

ing,   and  s imulat ion. 

Kach oi   t hi-sc   innovative   instructional  strategies  may be used with 

a  variety ol   media.     Often,   one or more strategies   are  used   in conjunction 

An  example  of   penr   instruction  was  developed   by   the  HumRRo   (Human 
Kesonrcis  Kescarch Ornan iza t ion) ,   Division  :i  and   applied   to   t lie  Army's 
H.isic Combat Training« 

11 
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with  one  or moru   lypt-s  Of Mdl«  Of  KMipMttt.     Pcrluips   Hie  most   common 

combiiuilion  used   is   O.v   Uetur«   .uul   the   prograawd   textbook.     Tlie   lectuf. 

in   combination  with   television   is   not   uncommon,   and CB1   is   used   lor   seli- 

paccd   instruction  and simulation. 

Although  these   identiiiable  separate  el'l'orts  exist,   there   is   no 

explicit   policy   for extensive   common   use  of   technology   within   I lie 

military  establishmont.     However,   statements  of  general   training  policies 

often  refer to  technoloKical   advances  and  their  implied   uses   to  support 

t raining. 

Policies   implicit    in   the   studies   initialed  by   the   services   demon- 

strate   increased concern  with   I.T.,   particularly  as   it   applies   to  tech- 

nical training*     "       Bo«a Intornervlca confarancaa,  such M the CAI 

"Shirtsleeve" Conference   at   Fort   Bliss,   Texas,    in   1971   and   the   annual 

NSIA Application  of   Computers   to  Tratnmu   (ACT)   Cmil ennees,   are  examples 

of   cooperative efforts   to   achieve   common   instructional   goala«     All   of   the 

services  are   interested   In  explorint;  the  use of  computers  as   training 

devices.     The   increasing   number  of   statements     advocating   I he   use  of 

computers   for  various   instructional   purposes   lUggMt   that   military   train- 

ing   administrators  believe   that    the  use  of   computers   can   upgrade   trainnm 

Financial   support    is   evident   t rom   the  backing   that   is   being  extended   to 

groups  dolnf   research   in CB1. In   these   research  elloils,   emphasis   is 

often  placed  on  reducing   training  cosis. 

Examples   include   statements  made   by   the  Board  ol   Dynamic  Training,   CONAUC 
Task Group Report,   "Shirt-aeeve" Conference,   and   the   NSIA  ACT Conlerenees. 

^RPA,   the   tour  military   services,   and  NSF  have   supported   a   broad   range 
Of   research   in CBl.     The   studies   extern;   Irom   large-scale  delivery   systems 
such   as  TICCIT   and  PLATO,    tO  CBl   Unguagei   such   as  LOCK),    to   the   use   ol 
the  ARPANKT   lor  supporting CBl   research,   to   fundamental   studies   in 
artificial   intelligence,    to   the   exploration  of   fundamental   pedagogical 

procedures   such   as   confidence   taatlng« 

15 
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1.       Trainint; Costs 

Training costs   .üpresent   B   large expenditure   in  the  UoL),   and 

they  constitute  an  area   in  which   l.T.   benelits  can  be  visibly  demonstrated, 

For example,   the  DoD's  total   national  expenditure on military   training 

in   1975   is  projocted   to  range   1rom  85   LO  88  billion,   or  H   to   9   percent   of 

the estimated   1975  military   budget.      11   advances   in   l.T.   were  to   realize 

a   15 percent   reduction   in military   training costs,   the potential  savings 

would amount to $0.75  to 81.2  billion,   or approximately   1.25  percent  ol 

the  total   1975  Dol) budget. 

Figure  1  shows possible  trends   in  the estimated ÜNP,   estimated 

UoD expenditures,   and estimated   DoD training expenditures.     This   ligure 

is  based upon  a  tactual   DoD cost   history  and  an average  annual   growth 

rate  oi   1.2  percent   tor  the  GNP.     The  data   sources  are   given   in Table   1, 

which  presents  estimated  l)oL) military  training expenditures. 

Present   research   results   in   l.T.   in  both the   military   and 

nonmilitary   indicate wide  variations   in potential  cost   savings.     However, 

most   oi   the  results   imply  significant  cost   reductions  are  possible. 

Appendix A  summarizes  somo  examples  ol   recent   l.T.   research  and  cites 

author conclusions  about   changes   in  costs. 

In measuring   l.T.   costs,   there   is  considerable disagreement 

due   to  dil'i'ering  assumptions   as   to   I he  appropriate  components   ol   such 

costs.     This   problem occurred   repeatedly  during   the   research  program, 

and   it   is  discussed   in   some   detail   in  Section   IV.     Due   to   these  disagree- 

ments,   studies  on   the  costs   oi   l.T.   usui-lly   yield   large   amounts   of   non- 

comparable  cost   data.     This   is   most   noticeable   in  studies   comparing 

civilian  and  military   costs,   although  similar problems   exist   in   inler- 

and   intrastrvicc   studies.     Cited   cost   reductions   resulting   from   the   use 

of   l.T.   in  civilian educational   settings most   often rely  on   the  assumed 

combination  of   ■   volume  ol   users   and  efficient   use of   l.T.   to   produce 
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Table   1 

ESTIMAThU  U)l) M1LITAHV TIlALMNU EXPLNDITURKS 

1963-1975 

(In   liillions   ol   Dollars) 

IX)l) 
UoD Training;, LkjO 

Out lays Medical,    uul MUitarv 
Hscnl DoD 

+ as  percenl Ol lior General Trslnine 
\uar (Xil lavs 

S17. 1 

GOT 

8681.9 

ol   GOT Personnel Activit ies 

1965 6.9'; 85.9 81 .0 
1966 55. 1 7 19.9 7.3 7.5 5.1 
1967 6H.3 793.9 8.6 8.5 5.8 
1968 

1969 
78.2 

78. 1 
865.0 

931.1 

9.0 

8.1 
9.1 

9.8 
G.4 

6.7 
1970 79.0 976.5 8.0 
1971 1016.8 
1972 

I97:i 68-85 1137 6.0-7 5 8.6-10.7** 5.9-7.3 
197 1 

1975 

T— — 

62-86 123 1 5.0-7. 0 7.8-1(1.8** 5.3-7.3 

Source for the  IMS to 1970 data,   "The 1970 Budcl  ;i,ui DefenM Pxosre« 
PY   1970-71,     dart  ClUlord's   statement   to   the   House  Armed   Services 
Comnuttee,   p.   157   (15   Januaiy    1969).     Data   for   1973  ami   1975   were  ettl- 
mated   by  assuming   that   Do!) outlays   m   these   vears,   relative   to   the 
estimated   levels  ol   the   G.VP,   will   be   in   the   ranue  ol   the   1965   percentage 
or   less. 

Source:   "National   Income   and   Product   Accounts,   Survey  ol   Current   Business   ' 
OCXlCe  ol   business   Economics,   U.   S.   Department   ol   Commerce.      Data   lor   1973 
and   1975  were  estimated   by   assuming   an   average  annual   compound   rale  oi 
growth  ol    1.2  percent   alter   1971. 

Source:   "The  Fiscal   Vear   1969-1973   Delense   Program."  McXamara's   slalemenl 
before   the   House  Armed   Services   CommiUee,   p.   211   (22   .Januarv   1968). 

Source:     Senate  Keeringe  Before   the  Subcommittee  of   the  Committee  on 
Appropriations,   FY  1972,,   p.    ,61.     This   is   calculated  by   applying   the 
factor 68  percent   to   the   preceding  column.     The operation   and  mainten- 
ance   appropriation   lor   the  U.S.   Army   (actual   1970   Uscal   year    experience) 
showed   that   68  percenl   of   the   general   personnel   activities   category  was 
spent   on military   training, 

•♦The   1973  and   1975   training,   med.cal,   and  other general   personnel   expendi- 
ture  data   are  estimated   by   applying  a   factor  ol   12.6  percenl   based  on 
live   years  of  data   (1965   to   1969), 
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cost  benefits«    In the  reaults (or tim Billtary,  ihortening of  training 

time   usually  accounts   lor  the   principal   iavinga, since   the   trainee 

rocoives  a  salary  during  his   training  period. 

Even   though   there   are  wide   cost   disparities   m   experimental 

systens   m   the  civil   sector,    it    is   possible   to  array   cost   ranges,   b  as 

■hom in Pigun 2.    in tins ligure,  cost data lor 17 categoriei of 

instructional  media  are   ranked   from  Itigbeal   to   lowest   cost   per  student 

liour.      (The  direction  Of   the   arrows   beneath each  bar   m   PigUN   2   indi- 

catea   SRI'l  projection  of   I he   trend   m  cost   per student   hour  during   t lie 

1973   to   1975  period.)     Six  of   the   17   instructional   Lechmques   are  expected 

to   show   increases   m   the  cost   per  student   hour,   and   lour  are   expected   to 

decrease.     The   Left   side  of   PigUM   -'   shows   the  estimate   '   tor  TV  C.\ 1   in 

1975.     This   system   is  expected   to   be  cost   competitive  with  all   other 

inst ruct ional   t echnologiei. 

By   t lie   time   n   study   ol   costs   m   the  CB1   area   has   been   pulilished, 

enough   time   has   usually  elapsed   to   make   the  published   cost    per  student 

hour   an  overstatement   because   costs   are   decreasinn.      For  example,    it    is 

now   possible   to  purchase  or   lease   a  CHI   system  uaing  a   minicomputer  and 

;f2  Teletype   terminals   within   an   esl i uated   cost    range  of   SO. 15   to   SI.HI 

per  student   hour.       This   example   is   for   rates   available   in   Kebruary   1973 

in   tlu   San   I'rancisco  Bay   Area. 

More  detailed   Information   on   vinous   systems   needs   to   be 

established   and   the  coating   procedure!   analy/.ed   lor co.'imonal i t y   before 

such   systems   will   likely   enjoy   successtul   and   wide   implementation. 

"■Data  trom Comput.-r '"urricuium Corporal ion of Palo Alto,  California« 
The   cOStl   depend   <>n   the   assumptions   made   as   to   the   number  of   years   f or 
BBOrtieatlon   and   the   amount    Of   student    use   per   year.      Costs    include 
hardware,   maintenance,    three CAI   tutorial   package!   (without   audio), 
on-line   individual   and   class   reports,   workshops   lor   instructors,   one 
teacher's   manual   per  course,   and   unlimited  use  of   the   facility« 
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I   On-Line Computer  (CAD 

3  Automated Storage and  Ret'icval  ol   Wntlim 
and  Gruphic Materials 

3 Computerized Programmed Instruction 

* Facsimile Transmission ol  Doruments by 
Electronic Circuits 

' Small  Discussion Group 

» Dial  Access  Instructional   TV 

7 Class Lecture 

• Books and Journals 

SOURCES       Rolarences  16 and   17 

♦ Printed Piogrammed  Instiuction 

;o Standard Audio-Visual Aids 

n  Closed-Cncuit Live Instructional  TV 

|J Closed-Circuit  Tape-Recorded  Instructional TV 

ij Broadcist  Live Instructional   TV 

'* Closed-Circuit  Lectures on Public Address System 

II Broadcast   Ta|)e-Recorded  Instructional   TV 

'♦ Dial  Access Audio  Tape  Recordings 

II tducatumal  Radio 

SA-1 '75-2 

FIGURE  2      HANGE  OF  COST PER  STUDENT  HOUR  FOR   17  INSTRUCTIONAL 
TECHNIOUES  (1969 TO   19/0)  COMPARED WITH   1975 CAI   ESTIMATE 
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The  om])h.-   is  on  a  set   of  agreed  definitions  Cor costs   is  continuaiiy 
2,1«,19 

being   stressed by  all  sectors   using CHI, but   rf   yet   no  eoi unon 
20 

procedures,   such as   those outlined  by  Tickton,        have  been  implemented. 

2 .        Computer-Based   Inst met ion 

The  extent  of  the development   of CHI   in  the  services   is   a 

function of  available  facilities,   their present   cost  effectiveness,   and 

the  technical  dif.1 icult ies  associated  with   implementing CBI   methods. 

However,   the use of  CBI   is growing  nationwide   in  the  areas  of   administra- 

tive  data  processing   (e.g.,   scheduling),   and educational  operations 

depend  upon  the computer   (CM1)   in  many  school   systems,     ail  services  arc 

also  available  from commercial   sources.     In  contrast,   CA1   has only   re- 

cently  emerged  from experimental   status.     When  the  computer   is   not   used 

in  an   interactive CM  mode,   it   may   still  ser"-  ►o   inform the  student   and 

teacher by CM1  techniques  which booklet,   device,   or equipment   should  be 

used   in  an   individualized  course cf   instruction.     Thus,   potential   reduc- 

tions   in  course   time  can   b«   realized   from either   the  CMI   or CM   modes  of 

CBI. 

Reductions  of  30 percent    in  course  time  as a  result   of   using 

CBI   are common.     in  the  area of  electronics,   reductions  of  87  percent 
21 

have   been   reported  using   the   Lincoln   terminal   system. Other  electronic 
11-If), 2/" 

courses  experiments   have   reported   reductions  of   20   to  55  percent. 

Significant   reductions   in   instructor  work   loads  and course overhead   soatB 

are  also   implied. 

CBI  also offers  some   valuable   intangible benefits.      It   makes 

the   transition   from  school   '.raining   to   tield   training  possible  on   a   large 

scale.     When  sophisticated  equipment    (e.g.,    radar,   sonar)   is   involved, 

CBI   offers   several   on-the-,job   training   advantages,    including   the   following; 

•     The   trainee  can   learn   m   a   realistic  environment. 

21 
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• lie  can  loarn on  •<    ual   1 loltl  oeiuipmünt ,   whicli can  bo 

simulated   !)>• CHI      >v   rare   si lua t ions,   as well   as 

common  onc-s . 

• CBI  exercises   the   Field  tHiuipment   in   imporl ant   modes 

and   thus  centribnles   to   its   oontlBUini  readiness. 

Operational CB]  programs   (piunarily C'AI)   can  be  found   in   12 

Army   scbools   and  colleges.   '      Al    tbe   Army   Logistics  Management   Center 

at   fort   Lee,   Viruinia,   a Lnivac  computer  is  used ior both simulations  and 

tutorial   courses.     PracLical  CA1   courses   are  available   throuRh   t lie 

Medical   Field  Service  School.     The   Army   War Colloga   s ippoits   a  course 

involving   such «VOM  as   individual   research,   a  gross  national   product 

projection,   a  Joint   force   budget   model,   and  (iiiant i t at ive   applications   to 

international   relations.     The  Amy   Security  Agency  Training  Center  and 

School  oilers  a  largo,   successiul  CBI   course   in Morse code.     Since   19ÜÜ 

basic   electronics   courses   have   been  ol iered  via  CHI   at    Port   Monmouth. 

Computer-supported   instruction   in   an   automated  environment    is   used   to 

train   supply  personnel   at   the  U.S.   Army  Quartermaster  School.      Kmphasis 

is   placed  on  CA1   drill   and   practice   at   1 he   l.S.   Anny   Inlantry   School. 

The   Lngineer  School   and  Air  Delenso   School   mainly   use  Clil   tor  problem 

solving. 

The   Navy   supports  CHI   projects   conducted   by   several   civilian 

t 23*28 groups,   as  well   as  CBI   in-service   uovelopment.    " Dr.   Richard  Atkinson 

ol   Stanford   (Jnivonity   has  developed   a   tutorial   course   to  teach   computer 

programming   thai   iocuses  on  t lie   basics  ol   learning   lechniques.     The   late 

Dr.   Jaime  Caroonnell   of   Holt   Heranek   and   .Vewman  was  performing   research 

With   a   system enabling  both   the   learner  and   the  computer   to   take   the 

♦Sources   include  conversations   with  Army   personnel   listed   u,   Table   2   in 
Section   IV. 

tSourcea   include  conversations   with   Naval   personnel   listed   in  Table   2. 
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initiative   in  a dialogue.     Ur.   So.Nmour Papert   of  MIT  is   supported  by  ARPA 

(work  monitored  by ONR)   for the development   ot   I.OOO,   a   hiKh-level  progrnm- 

ming  language useful   in teaching a  variety of  mathematical  concepts. 

Dr.   Joseph  Rigney of   the University  of   Southern California   is  focusing 

attention  on performance   in  training programs   involving  the  trouble- 

shooting of  operating  equipment.     His   research  has  found  significaiU 

applications   in CAI  tutorial   programs   involving simulation   in  courses 

such  as   Radar  Repealer   (AN/SPA-üü)   or  Radio Transceiver   (AN/URC-32).     A 

Florida  State University  contract   involves  on-line   intelligence  testing 

and  evaluation  and  several   studies  of   the   interaction of  CAI  with  various 

psychological  states.     .luch of   the CBI  pioneering effort   in  t lie  Navy   has 

stemmed   from the work of   Ür.   John  Ford  at   t lie  Naval  Personnel   and Train- 

ing   Research  Laboratory   in  San   Diego. 

♦26 
The  Air Force  has directed   its CBI   funding  to  four main projects. 

The  main operational  system  is   the  Computer-Directed Training  System, 

which provides worldwide  on-the-,job  training   in  a  variety  of  management 

functions  related  ti   the  operation and use of  computers.     The Lincoln 

Terminal  System developed   in prototype   form at MIT  provides both  audio 

and  complex pictorial   capability;   the  prototype  system  is now undergoing 

developmental   tests at Koesler AFB.     This  system is used  in  training  for 

basic  electricity and electronics.     In addition,   special   provisions  have 

been made   for  the preparation of   training materials.     The Advanced  Instruc- 

tional  System,   presently  undergoing  specification and bid reviews  at 

Lowry AF'B,   involves  computer  control  of  a wide variety of media  to  allow 

for  sophisticated  individualized  instruction.     Initially,   the  system  is 

intended   to  support   research on computer-based  training,   as well   as   to 

offer   three   technical   training  courses   lor up   to 2400  students.     The 

undergraduate Pilot Training System,   now  being developed  incrementally, 

will   use  CAI   in  the   teaching  of  pilot   skills.     Advanced   simulators   and 

simulation  techniques will  be used  in  this  program. 

♦Sources   include conversations with Air Force  personnel   listed  in Table 2. 
23 
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IV COST ANALYSIS 

This section identifies the data base used in the research, 

develops a mathematical model, aIui calculates the estimated dolla/ and 

manpower savings to be gained irom the application of I.T. to military 

training. 

A.  Data Base 

The data base consists of three principal segments: 

(1) The estimated instructional cost per hour in both public 

and military instructional sectors.  These per hour costs 

are based upon actual experimental implementation of various 

forms of I.T. 

(2) The expected hardware, software, and courseware cost trends 

for I.T. systems. 

(3) Actual annual data on the number of trainees graduated and the 

training costs in the three military services. 

These three segments of data are the smallest set of inputs necessary 

to permit the calculation of dollar and manpower savings estimates 

from the mathematical model. 

Together, these three segments constitute an extensive data 

base that can be used as a foundation for subsequent interpretations, 

although for this study it has not been tapped in depth.  Tic military 

manpower and training cost data has been collected and codcn ; some of 

it is now stored in computerized form on disk files. 

1.  Data Survey 

Literature searches and on-site interviews were conducted 

to initiate the data collection for Segment 1 ol the data base. 

The I.T. group at SRI utilized its contacts with the civil I.T. 

Preceding page blank 25 
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comriunity and expanded these sources through direct contacts with mili- 

tary and other civilian officials to identify and gain access to cur- 

rent information.  The survey identified in a very broad scope (not 

claiued as exhaustive) pertinent civilian and military cost elements 

associated with I.T.  Table 2 lists some of the individuals contacted 

during the study. 

Segment 2, ■ > uipment and courseware costs, is discussed in 

Section IV-B.  This segment of data was used to develop parameters 

for the cost analysis and Cor testing the sensitivity of the cost 

model to changes in these parameters. 

2.   Data Collection 

To obtain the Segment 3 information tor representative 

costs on u course-by-course basis emphasis was placed on finding the 

original data as actually recorded by each of the military organizations, 

The level of detail sought was the individual technical military course 

with all of its associated cost, curriculum, and student loading 

characteristics, as actually pursued in a given time frame.  The time 

period selected was the most recent Cor which both training costs and 

student throughput were available from the services.  In all cases, 

the sources of data sought were the most recently available (i.e., 

latest publications) course descriptions and cost compilations.  For 

examples, see Appendix I?. 

Sources of data included the formal school catalogs, the 

staffing data, and school throughput data (trainees graduated) as 

well as direct interviews with personnel involved in the training 

activities of each of the three military services.  Data were sought at 

the headquarters and staff levels, and interviews were conducted with 

both training management and training clerical personnel responsible for 

preparing accounting data describing technical courses.  For example, 

26 

UMMHHMMi^MMMMMHMBMMk^MMMnUM 



r Twmww^^f^^w i ——»•»—■ 

V 
u 
0 
c 

0 
« u 

M in 
3   -H 
C 
C 
Qi 

09   fa 
rt 

> 

•   c 

fa  co 

09 

a ■ 
W O 

Q 

H g 

t: 
H 
1 
Q 

> 
■H 
c 6 
•a 
t( 
0 ^-( 
r-1 

■ 
■p 
CO 

■a 

0 ■ 
tX) 
c 

c 
o 

o 
3 

■a 
w 

L 

E 
J2 

b 

in 
5 
B 
2 

J    M 

a 

■ 

H 
■a 
c 
rt 

C 

ü 
in 
c 
v 
M 

11 

Ü 
a 
41 
B 
< 

a 
c 
0 
so -a 
<   a 

i 

o 
Q 
a 

o 

o 
OS a s w 0 o u s 

u 
d 
fa 
tt> 
c 

■t-> 

C/l 
o 
H 

fa    0 

o 
c 
0 

ui 
•H 
> 
•H 
Q 

0 

0 0 

Ü Ü 
ü 0 

■H -H 

rt C 
>H H 
H    C 

y 
h   c 

Q 
rt 

O   O   <   J 

rt 0 
u c 
0 rt 

O o ■ 
■0 
■-I +J 
Ü H 

■H 0 
fa CQ 

0 
CJ 

■ 
a 
0 

rt 
h 
o 
a 
o 

c 
o 

rt 
u 
ü 
D. 
O 

rt 
> 
rt 

M 
0 

■a 
d 
rt 
a 
E 
o 
u 

M 
C 

c 
rt 
E c 
0 
U 

on 
c 

■rl     0    "^ 
fa  u  o 

rt 
■(-> 

c 
o 
c 

■H 
■»-> 

c 
o 
u 

JH C rt 
•H Ü > 
<: E rt 

l-f fcl 
rt rt • 
> a co 

•a 
a 
rt 
E 

■a   E 
C    0 
rt   U 

i >> 
O    E u I 
M 
fl   H 
•H   « 

c rt 
rt b 
E   H 
o -a 

55    G 
rt 

£ £ Ba < 

a 
c 
o 
h 
Ü 
fa 

■(-> rt 

H > 
0 rt 

ca 55 

u 
c 
o 
u 

o 
O 

•Si 
+■> 

a 
u 

■a 
rt 
- 

U 

o 
■M 

c 
3 
rt 

M 
■a rt 
o >. 
■~ h 

ca a 

ji 
o 
o 
3 

CO 

a 
rt 
J 
rt 
c 
R 
rt 
U 

55   O   U    K   CQ   'D   CO 

3 
^     ^     ^     ^     ^     ^ 
a ^ s s a s 

o 
9 
rt 
U 

rt 
u 

O 
E 

a |-5 

M 
•H 
Ü 
N 
U 
3 
O 
fa 

a ■& <-> 

b£ 
CO CO 

Si     !- 
a a 

I 
M 
+-< 

■a  cc 
i 
rt 
I 

E    O 
E   0 

rt 
+■> 
c 
0 
a 

■H 
+■> 
c 
0 
Ü 

c 

•It 
0   o 
H     C 

O   "3 

•    O 
H a 

h h 

27 

V J 



" I 

0 
3 
C 

a 

H 

n 
N 

■H 
q 
M 

b 
o 

I i 

i 
0 
•H 
li 
o 
(I 
i 
li 
0 

(1 

p 
fa ■ 
a -a 
ü g ■  I 
0 0 
M U 

•D 
■H       >, 
M B 

■2    H 
E i 
U 
o u 
h 
0 

E 
0) 

+J 
71 
>. -a 
w   c 
tu   s 
a  E 

•H       0 
a u 

H 
•a 
o 
i 
fa   c 
o   a 

h   a   e   c 
■H   o   o   o «c o o o 

fa 
o 
9 

j 
c  x: 
■   y 

fa 
i 

o   o 
j   w 

H 
> 

£    bX)   0 
•H      O 

M a M 

c 
c   a 

H 
H 

t; 

O    rt     • 
U    ^   Ö 

o 
fa 
I 
a 
(/i 
o ■ 
in 
Ü 
0 
C 
3 
: 

o 
M 

«1 
H 

•H 
C 
■ u u 
-.   c 

0 
u 

0 
0 
j 
u 
w 
~ 
q 

fa 
o 

5 u 

t£ 

0 

o 

0 

a a 

fa 

0 
X a 

3 
Ü 

rt c rt 
> bC > 
rt -H -j 
K w n 

a c 01 
+J 0 T3 t/l >> 
3 •H C c ^ 

■(-> ■P rt 0) 0 
•H 
■!-> 

rt 
N | <H 

0 
•p 
rt 

E 
1/1 
c 

•H 
c 
rt c a 

h 
fa 1 C 

0) 
B •1 

Ü 
to t£ 0 3 4 M 

J| M O •H ■ rt ri c ?*> tn 4-> +J ^ — 3 
b£ | 

x: 
o rt 

fa 
rt a u 

Ci 
CO | 

u C rt fa fa ♦J fa M >, 
! si <= rt fa H 0 ■ n n "> 

i-l - 0 0 •a ■o ■a fa « 0 — T) h rl •H 
U w c —* c c Ü r tn ■ I Pi M ■ -1 

w u 0 d rt rt rt rt 0 rt 3> rt .-1 li 0 +-' ■ 0 1 o P 2 CO ■ « 1 1 r ■H li H) rt u bi •H - R P Ü d £ 'J 
H d Ul Ü c 0 0 +J 0 C O B u r i ■p 0 'ü fa Ü bfi U s. 0 U fc c I rt a | ) rt ^^ 

■H rt < u d u 7! 1 0 n k_j 0 U fa •H tJL i bD bfi « bf 3 hn u,f m d 0 n 
O 

tu 
rt 

3 
0 •H 

C 
•H 

H a 
•H 

c 
■H 

< 
71 

c 
•H 

S d 
•H 

C a ■*-> 

4-> 
a 
0 Sfl in rt a fa a e VH •H c B d d M p M 0 a 0 fa ■H •H ■H •H 0 in •H u •H 71 c u Ü ■ H rt < rt rt >. rt fa rt rt d p O c fa fa fa Ü —i u n fa u Cl n ■^J P 

Ö •H c —H H H H H u rt M u H H r n u rt ♦J rt rt rt ■H c rt •H rt V rt > d c > fa > h u <rH < fa h -M fa > <H n, > rt u 3 rt •H rt •H •H M •H •H •H •H 73 M f) rj 
H ■ 0 ■ M < S5 »t < o < < < < <^ o ä H 

d fa 
o 

•-3    Ü 

a 
a 

tn 

c 
0 

M 

H 
0 
u 

fa 
a 

• ■'~i 
■(->    rt 

tn 
o. 
0 

h 

fa 

U   be 
r^   d 
i 3 

fa 
3 
0 
»1 
c 
rt 

<   S 

fa    ~ 

CO 

c 
c 
rt 
u 

o 
rt 
u 

rt   rt 

«4 
o 
fa 
0) 

en  a 

fa   fa 

0 
+J 

C +J 
tn •o rt o 
1 1-4 > o 

■H >> il O •H • IH n 
iH tn ^H d 01 ■H .—4 IK 0 •H fa -H ■rl r-H Q, 0 tM rH 4J h 

(Ü 0 fa 3 fa —* TI 3 i +J r. >> £. -4 s 3 ~ —1 CO OS 0 o U 0 ^-. •H o c i 
•5 m • M o • (9 

0 

os    • o    •   o w    • 
O U HO B • • • 

•l—)       «p       •       »71       • 
■POfabC^-Mt,^ 
►JOP-tosjp;?; 

28 



■P^ilWS^^R'^mwwp ■"  ""^ 

X  u 

II 

0    ü 

n 
m w 

B 
-5 

u 

■ 

s   c. -3 
0 

"3 
H 

u 
■o 

K 
o 

> 

u 
u 

a 

s 

a-3    -oc~t£ — 

i; < ": 

~ 
c 

OS 

a 
n   n 
a    ft 

o   o ■ ft 

h 
O 

b   b 
H     0 

M 

rt 

u 

a. 

> -j i; 

rt 
w 

U        > 

0    « 

o 
n 

o 

| 

0    r3 

i 

o 
O 

9 

h 
0 

0 ■ 
o 

I   w 

i 
■H —I 
fl -3 

•H > 

y 
o 

72 

D 

o 
u 

0 

M 
O 

•H 

fl 
i 
i 
o 
cc 
r, 
o 
Q 

B 
0 
i 
o ■ 

-s   fl 

fl    '« 

it 

o 

x 
o ■ 
M 
o 
o 

3 
0 
•J) 
o ■ 

tl 

u 
be 

^ 
•H    fl    -H     0    ^    3    ^     3   -^ 

& 
IA 
9 

U fl 

a 
o 

rt 

c 

u 
0 
u 

o 
u 

0 

tl 

B 
Q 
1-1 
0 

o 
u 

c 
rt 

c 
0 

•H 

rt 

rt 

u 
O 

u 
u 
■ J 

0 
■/. 

o 
OS 

•/I 

u 

T. 
o 

o 
7) 
c 
0 

Ir-I 

fl fa 
it 0 
tl "-I 
o 

fa 
rt 

o 
fa 
u 

a o 

B 
•H     ifl    U 3 
<->     3   -H fl 
C    fl    '-i E 
0   —<   '-i 3 
U   0.   O = 

A 
U 
fa 
fl 
Ü 

x *t 
ü - 
u   x 
•~   tn 
3   < 

X    —I 
O    0 a 

B 
3    U 

=   O 

0 
i-» -3 
3 3 
-P fl 
•H S 
+-' C 
X 0 
3 U 

rt 
a 
x 
o 
m 

C fl 
A       fa 
g    t   H 

J 
fa 
rt 
8 

0     3 
fi 

>.  U 

X   M 
0 

X     OS    -H 
rt 
> 
rt 

0 
c 

X 
>. 

^-1 
fl 
3 
< 

M    O 

3 0 
■H X 
fl fa 
fa Cl 
H ft 

Ü 
3 

M 

rt 

D 
N 

fa a 
o 

rt  o 
fa 

*4   P4   ^4   A  U 

ca D 

3   A 
>  > J ^   H 

x 
U "3 
M 3 

■H fl 

M H 

>,   3     O     S 
fl     X    S£   -^    >-' 

.3    0     3 

0  ca 

E  s:   o  ■<->        sis        cfa 
UOfl£U-H—< •HC033> X>-JS 
03t/5ÜC/:00       •S73+JO*J-'       »-cflX 
BJO:        w        '/liiow        W-PVJ-HI-JXHö 

P4 • C • t/2 -< fl 

• X *-> • 

B 

x 
w 

M   iS 

cc 

o   x 

-    fl 

r. 

Q   U   Ü 

29 

iMi 



pn^^^w^ww*v«m wmijiMi > ■ ■■ i •» «IM  <Mp-vr^OT-^^iinppm«Mp^v^    ^ u^^^~m*mmmrmmw*m**^^m*mi * ' ■' '^^^m**^m~*^^^m9wmmm^mi^**mimjm* 

supervisory instructors were qiiuriud by SRI professional stall on ques- 

tions of curricula, student motivation, reasons for and frequency of 

changes in the curricula, and the mechanics and system lor nenerating tlio 

raw data on school throughput (attendance, attrition, and trainees grad- 

ualed) at the classroom level.  The cost-per-trainee information was 

sought and found in the financial and controllers' offices of the three 

military services. 

Pertinent special studies on costs that cover the presently 

used definitions and methods for estimating the total cost to train 

in inductee or volunteer to achieve a given skill level were identified, 

and in some cases, the rau data from these studies were used in the 

analysis. 

Examples of the types of nencral cost information on training 

that are currently available arc the "Military Occupational Specially 

Training Cost Handbooks," Volumes I and II, published by the U.S. Army 

Field Operating Cost Agency in November and December 1972, respectively, 

"Annual Training Time and Costs for Navy Ratings and NECs," (fiscal 

1972 edition), published by the Bureau of Naval Personnel, üepartment 

Of the Navy, and "U.S. Air Force Program Technical Training," Volume 

I, published by the Headquarters of the Air Training Command, Randolph 

AFB, Texas, in March 1972. 

Professional military and civilian i)crsonnel of the three 

service organizations who are concerned witli the common curricula and 

joint cost problems were interviewed to ascertain their perceptions of 

trends toward commonalities in both areas. 

3.   Summary of the Data Base 

The established data base was placed in machine readable 

form by keypunching directly from the source documents to cards.  The 

data base includes the following approximate number of technical 

courses: 
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No. ol 

Service Courses 

Army 2000 

Navy 1200 

Air Force 1000 

This data base is now m a iorm amenable to computation iuln| various 

mathematical models.  Alternative assumptions iron, those discussed below 

may be postulated by various experts in the specialty lields of civil 

and military instructioKal methods.  The data base is both open-ended 

and susceptible to rapid relinements and lurther iterations because oi 

its computerized iorm. 

*•   Suiliciency and Comparability ot Uata 

The tolloving anomalies exist in the i)resent data base: 

• Cost accounting diilerences 

• Catalog inconsistencies 

• Variations in training methods among the three services 

(which need Lurther examination) 

•   A lack oi complete, detailed course curricula descriptions, 

Where the anomalies were apparent, they were excluded iron, the data 

sample used in the calculations.  For the purposes oi this macroanalysis, 

it was concluded that the Line struclure ami detail in the complete- 

course curricula would not signiLicantly change the results. 

Cost accounting varies Lrom service to service, and, to some 

extent, within a given service.  No adjustments were made in the da la 

base to the total cost per graduate, and the delmitions oi the cost 

per trainee are those given bv each military service.  Thus, costs ol 

e.iuipment used in a given training course may or may not be reflected 
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in   the cost per g'-aduatc, d*p>adillg on the speciiic service's accountinn 

procedure.  This will not degrade the computational results significantly, 

since the overall inierences from this study are not intended to have a 

specific course orientation. 

Differences in military training catalogs constitute the 

second class of anomalies.  Because of variations in interpretations of 

MOS (military occupational socially), AFSC (Air Force specialty 

classification), and NEC (Naval enlisted clnssi1itat ion). it is often 

difficult to determine when courses with similar dMCflptioiM 

designed to train an individual for a given specialty have enough 

commonality to permit their application service-wide with the aid of 

new I.T.  This anomaly is of no concern to the cost results reported 

herein because all samples were specific to each service.  Thus, this 

anomaly also impacts only the commonality aspect. 

In some cases, courses may already be revised for programmed 

instructions, or they may include other aspects ol I.T. without such 

effects being reflected in the catalog or in the cost and throughput 

data provided by the services.  This implies that cost di1lerentials 

projected in subsequent sections based upon 1971 data reflect, 

in some cases, savings estimated by the model that may have already 

been effected.  Again, this anomaly is of little concern to the overall 

project, since the results are not intended to be dependent on single 

courses. 

The third class oL anomalies is due to variations in training 

Methods.  For example, in teaching malhematies, the Navy uses classical 

mathematical educational procedures, the Army preters handbook 

techniques, and the Air Force uses a combination of both methods. 

These differences ire not reflected in the military catalogs, and 

readers sheuld be aware of this type of inconsistency in the data. 

Other variations in training--e,g., m-the-job training—alco impact the 

32 

—-—    ■         J.^^-. 



—"' mm M 

net   traini^   Inul^'l   .uul   I .T.   savings,   but   they   are   not   rellectecl   in 

this   study,   wlucli   is   based  only on   lormal   tecluucal   training.     These 

eflocts   are   discussed   in Section V. 

In   cases  where  data   lor  a   given   course  were   incomplete,   the 

course  was   excluded   Lrom   the  data   sample   used   in   the   calculation. 

Nontechnical   courses  were   not   included   In   the  data   base,   but   evidence* 

MfffMtn   that   the   yield   lrom  newly   applied   I.T.    .or   these  courses   can 

also be  substantial, 

5.        Sample  Data   lor Calculations 

The   logistic   problems   associated   wlth   analy/ing data  on  over 

4,000  military  curses   a.v   lubnt«* Ul.      The   met hod   used   u,   thll   project 

was   to  select   sample  curses   1 mm  each   oi    • hree   training  commands.     The 

courses   arc   representative  of   the   general    li.ld  oi   military   training, 

as  described   in   the   lormal   school   catalog.     Courses   selected   represented 

a diversity of  curricula. 

Restrictive  rofiuiroments   allecting   these  selections  were   that 

the  cost   and  manpower  data  base  be  complete   lor   t lie   chosen  course   and 

that   a  description  ol    the   course   content   be   available.     The   latter 

requirement,   though   not   directly   related   to   cost,    is   necessary   to   the 

assessment  of  whether   the  application  ot   I.T.   uHl   b«   appropriate   for 

the   given   course.      It   allows   the   determination  ol    present   levels  of 

I.T.   (in   some   cases)   and   provides   lor  determining  which   I.T.   media 

would   be   most   appropriate.     WUI,   this   knowlc'dge,   an  estimate  of   the 

form  of   instructional   strategies,   technical   equipment,   and  other   I.T. 

parameters   can   be   compared  v. i t h   known   conclusions   from  experimental 

or   prototype   courses. 

Report! by Richard Athlnson,  Donald Bltzer,  Duncan Hanson, Seyacur 
Papert,  Patrick Buppee.  and othera.    CONAKC'S Task Group Report on 
CAI recommends extenilon oi    I.T. application to nontechnical courses  as 

**■  t,,,■    SI"M   *'•"" Conference.    Also see "instructional Technology 
in   the   Armed   fo,.,     ,"   b)    l,t .   Col.   11.   R,   Hifchens    (Ref.   2:0. 
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Courses wiiii tmro Uirottghpttt wen- rvjacted trom the ■•■pie 

uwd  m  the calculstlona.    Couraea  thai  had an aatinate for  S(CT)—the 

fractional   reduction   Ln courae  t lae—equal   to aero »ere alao excluded 

since there viwld be no rationale  for Intrmittelng I.T.  in such courses. 

The total number of courses actually used in the calculations 

was 119, drawn irom each ol the services as follows: 

No. ol 
Service Courses 

Air Force 30 

Army 39 

Navy 50 

Total 1 19 

The Navy data sample is somewhat larger than that ol the Army and Air 

Force because the data sample irom a separate manpower study (sponsored 

by ONH) was also used as an input to the analysis for this report. 

".   Maihematical Model and Payoff Criteria 

The mathematical model used considers estimated costs lor developing 

I.T.  programs;   for obtaining, naintainlngj  uid operating equifMenti  and 

tor creating and diatributing training materials.  A Bingle payoff cri- 

terion, a reduction m course lime that yields cost and manpower savings, 

is the payoit function thai Lntegratea the effecta oi 13 critical I.T. 

variables . 

1.   Overview 

The project team was concerned with developing useiul models 

and Identifying lignificanl parameters.  Ot particular concern was the 

identification ol i value function that would be quantifiable and 

aelf-converging,  so that eacb iteration oi the model would tend to 

34 

mmm 



^M ^W^—• wtmmmmmmm^mm^^^m 

improve t iio resolut ion oi t lie benefit evaluation« ttoa  a qualitative 

lK)Uit of view, the study team searthed tor models that would generate 

ranges oi' values lor the given parameters and that would establish cost 

levels above which the application of I.T. would yield benefits. 

Tlie data analysis is not rigorous in a mathematical or 

statistical sense.  Random samples were not selected, and the size of 

the sample was small compared to the total population.  Course 

selection for the sample calculations was based instead upon completeness 

of data.  Relevant I.T. variable! were identified, and attempts were 

made to integrate their individual effects in a single payoff function. 

Given the selected payoff value (fractional reduction in course time), 

exemplary calculations for cost and manpower savings were performed. 

The benefit was quantified In terms of annual military cost and 

manpower savings. 

The size of the sample courses selected is a minor restriction 

on the results of the analysis; it simply means that the data base 

has noc been exhausted.  The sample is of sufficient size to recognize 

irends, to identify cost differentials, to relate the effects of 

different types of cost factors on net cost, and to compare the rcsalts 

Of different types of I.T. innovations as reflected by the significant 

variables. 

Although the present study does not extend lite quantitative 

implications of these results to the entire field of training in the 

military services, it provides the model and the mechanism for a more 

comprehensive analysis that would provide estimates of the dollar 

and manpower savings expected for each of the three military services. 

The results make it possible to determine quantitative differences 

in the adaptability of military training courses to I.T. and to determine 

where further analysis and innovation are .iustificd and where they are 

not.  The calculations were primarily intended to serve as background 
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for  Identifying   iuturo   research §pmla   in  addition  to  demons trat inn I 

method  to  ciuantify  potential  cost  and manpower  savings   Irom applied 

I.T. 

2. The   Payoil   Criterion 

A  single   parameter,   deiined  as   the   Iractional   reduction 

in  course   time,   and  expressed  symbolically  as   5(CT),  was  selected 

as   the basic  criterion upon which   to base  cost  and manpover  savings. 

The  cost   calculations were  based  upon  values  of   ^(CT)   that   could  be 

achieved  by   the   introduction of   I.T.  while maintaining  the  stated 

course objectives  and  pass/fail  criteria.     The   calculations were 

based  upon estimated   values  of   ^(CT)   for   each   course   sampled.     These 

estimated  values were,   in  turn,   determined  by  relating a  set of  13 

signj "icant   I.T.   variables  to each  course  studied.     For each  course 

studied,   an  optimal  mixture of  the   I.T.   variables was   iiostulated. 

The  model   assumes   a  maximum   value  of   ;(CT)   of   0.5.     The   procedures 

used   for  estimating   '. (CT)   are  discussed   in  subsequent   sections. 

3. Sign!ficant   Variables 

The   13  variables   identified   that   contribute   to   savings 

in  training  time   achieved  by  the  application of   I.T.   emerged  from a 

study of   a  wide   range  of courses to which   I.T.   lias   been  applied,   as 

well  as   technical   training  courses  presently offered  in  the services. 

The   list  was   continually modified  and   refined   as   new data were  examined. 

Additional   refinements  or  modified   interpretations  may be  needed   in 

the   future   to   cover  such   situations  as   a   second   application  of   I.T. 

to  a  given  course. 

The   13  variables  were  divided   into   four   general   categories: 

• Instructional  strategies 

• Course  content 
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• Course   structiiif 

• Course oonditions, 

a ,        Ins true t Lonal   Strategies 

The   lour variables  related   to   instructional   strategies 

are   inclivickial ization,   inel'f icieneies,   imiiicdiate   leeciback,   and 

evaluation.     They  are   briefly  described  below. 

• Individual i/.at ion—Many   courses   are written   to 

allow   the   individual   student   to  proceed   through 

the  material   at  his own   pace.     Some   courses 

also   individualize   the   content   oL   a   course,   e.g., 

additional   background  material  may  be  provided   for 

S( looted   students,   students  may  be   given  varying 

amounts  ot   practice  when   learning  a  new  skill,   and 

advanced  material  may  be   provided   for   certain 

students. 

• ine t Eiciencie»—Each tine > course is revised,  it 

is   likely   to   produce   savings   in   course   time  by 

culling out   repetitive  material,   by  Clarifying 

explanation! that proved difficult tor students, 

and by removing outright M-rors.  Application Of 

certain Lorms ot I.T. (e.g., CBI) is exceptionally 

valuable when removing such inefficiencies.    Per 

example,   the   nature  of  CBI   forces   the   curriculum 

designer   to   be  explicit   about    the   coals  ol    the 

course  and  any  pert'ormance   measures   involved. 

• I mined Late feedback—Thii   is defined as a prompt 

response   to   the  student   that   gives  him  an  assess- 

ment   and  evaluation <il   his   input ,     When  course 
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curricula can exploit immediate feedback to benelit 

the student, the amount of time saved by implementing 

I.T. (CBi, in particular) can be significant.  For 

most courses, immediate feedback to the student 

is extremely important.  Its major benelit to the 

student is that it provides the basis for on-the- 

spot, ongoing self-evaluation.  The choice ol the 

type of l.T. to be used is affected by the perceived 

desirability of immediate feedback, 

• Evaluation—Ongoing evaluation saves testing time, 

helps pinpoint and clarify misuiulerstandings that 

could lead to the need for renu .  1 instruction, 

and shortens course tilM by enabling a trainee to 

finish the course as soon as he vemonstrates the 

desired performance.  Evaluation results can also 

aid the curriculum designer in course revisions. 

b.   Course Content 

The four variables most closely associated with course 

content are commonality, nonverbal representation, teaching algorithm, 

and stability.  They are described below. 

• Coiiimonalitv--Tiiiie savings in the preparation and 

revision of curricula exist if commonality can be 

found in one or more courses.  The degrees of 

commonality vary greatly.  For example, courses 

may be identical, at least in part; they may use 

the same teaching or instructional logic; or they 

may use the same equipment, such as, visual displays. 

•   Nonverbal Representation--Potential savings are 

found in the application of I.T. to largely nonverbal 
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courses that deal with motor, graphic, or symbol 

manipulation rather than linguistic manipulation. 

It is dilficult to adapt nonverbal technical 

training to the traditional lecture, and much on- 

the-job training retains a high verbal component. 

Applying selected I'or.is oi I.T. to nonverbal training 

reinforces the desired visual/nonverbal component 

while allowing student participation and interaction 

with the teaching strategies. 

• Teach ing Alaori tlim--Soiiie COUTMI have sufi'icicnt 

logical structure and content to enable them to be 

expressed in algorithmic Com«  Such courses will 

iacilitate the use oL certain forms of I.T., such 

as CBI. 

• Stability—A course is dofinod as stable if it is 

relatively immune to cluuigM in its basic curriculum 

and structure.  Courses with low stability are usually 

more easily changed in an I.T. than a traditional 

setting.  Well-designed, modular CBI courses can be 

easily revised to reflect modified goals or a change 

in the instructor's viewpoint, and such revisions 

are less costly than those for traditional courses. 

The distribution of revisions can be facilitated 

by nailing cassette tapes or by using a computer 

network. 

c.  Course Structures 

Three typos of training course structures are simulation, 

problem solving, and on-the-job training: 
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Simulation—Simulation approaches may involve a 

wide variety of media, and they may be designed 

for use by an individual or a group or both.  For 

example, the trainee pilot can practice landing in 

a sale situation, without the possible loss oi 

valuable equipnent.  Strategies can lie examined 

through the use ot simulated war games.  Weapons 

can be tested in a variety oi hypothetical situations 

beiore field use.  Computers arc being used to "stim- 

ulate" equipment to perform in an unlikely fashion 

so that trainees can practice troubleshooting usint; 

simulated malfunctions.  Computers are well adapted 

to simulation techniques because programmed situations 

can be easily duplicated, updated, and calibrated. 

Problem Solving--Ccrtain courses deal with the 

acquisition of problem-solving skills rather than 

the acquisition of factual information.  I.T. in 

the form of CBI offers several advantages over 

traditional approaches to problem solving.  The 

computer's problem-solving capabilities can serve 

the student on an ongoing basis, and the computer 

can be used to generate problems suitable for 

each student.  Most CBI courses involving problem 

solving show significant time savings over courses 

using a traditional classroom approach, primarily 

because of the ability of CBI to analy/.e portions 

of the problem-solving processes. 

On-the-Job Training—Th« amount of on-the-job 

training (OJT) that is desirable in a course 

affects possible savings in course time.  OJT is 
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closely  related  to  simulation,   insofar as 

simulation may be viewed as an attempt   to  replicate 

an OJT   situation.     Some OJT procedures   strongly 

interact with a  number of other variables,   such  as 

individualization. 

d.       Course  Conditions 

The  final   two  variables—proximity and heterogeneity— 

are  best described  in relation  to  course  conditions. 

• Proximity—Proximity  is defined as   the  proportion 

of  a  course  that meets   in the  classroom  rather 

than on  the  training  field.     Proximity   influences 

(1)   the   amount of  time  saved  through   the  application 

of   I.T.   and   (2)   what   typo  of   I.T.,    if   any,   would  be 

most  useful. 

• Heterogeneity—In a  traditional  classroom,   an 

instructor usually finds  it extremely difficult 

to  provide  relevant  instruction  for  a  class whose 

preparation and  abilities vary widely.     In most well- 

developed  I.T.   courses,   the  trainee  has   the   total 

attention of  the  "instructor"  in a   course  geared 

to his   individual  needs. 

e.       Interrelationships  Among  the Variables 

Table 3   indicates   some  perceived arsM  of   interaction 

among  the variables.    Most   such   interrelationships are  highly  complex 

and  course-dependent.     For example,   individualization will  usually 

save  course  time,   but   if  a  course already uses extensive methods of 

self-paced  instruction,   further  possible  savings  through   the use of 

CAI  may be marginal.     However,   if   the  selC-paced course   yields  immediate 

41 

MHHMHMI 



I^»"-^»"»^I 

Table  3 

INTERRELATIONSHIPS  AMONG  THE VARIABLES 
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ieedback, adding both individualization and feedback may create 

additional time savings. 

The interaction between OJT and simulation is similarly 

complex, and the decision to use one or the other depends on the specific 

goals of a given course.  Stability and commonality also interact; 

suppose two courses have identical content, but one is highly stable 

and one is unstable.  The stability factor strongly influences any 

interpretation of commonality. 

4.  Estimation of 5(CT) 

During this research, the 13 variables served as a checklist 

in the judgmental assignment of adaptability of a given course to further 

applications of I.T. 

Ranges for 6(CT) from actual experimental results demonstrate 

course time savings of 20 to 70 percent. The average is approximately 

40 percent. Examples of ü(CT) from the literature served to relate 

the course under study to a set of calibration data.   In each case, 

a best mix of I.T. strategies was postulated for estimating the reduced 

time in training expected for a trainee to reach a level of achievement 

identical to that before the new technology was applied. 

Fifty percent or more of advanced technical training in the 

military services is OJT, for which no curricula descriptions are avail- 

able.  Therefore, savings derived from estimntcs of MCT) (based only on 

existing written (urricula) are lower than I IK total savings fxpe.ted if 

the proposer) applications of I.T. w.-ri' implement c.l both for formal school- 

ing and OJT courses. 

Representative experimental values ol 6(CT) used as calibration 
data in this study are described in Appendix Ü. 
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Ranges of values were established for 6(CT),  They arc 

commens irate with the resolution oi the input data.  They permit the 

classification of a known course description into a category of 

adaptability to I.T.  Although the use of wide ranges for ^(CT) at the 

microlevel or course level could benefit from greater quantitative 

precision, at macrolevcl (estimating total savings in dollars and man- 

power for the DoD), it was not found necessary.  Table 1 lists each 

category for 5<CTJ in Roman numerals, the corresponding range of values, 

md the actual values used in the calculations. 

Categories of 6(CT) for each course analyzed were determined 

by first estimating an appropriate value of &(CT), If, for a specific 

rourse. ■ vaiuo of 0.38 was si-irctcd, the i.T. Adaptability Category 

would be III and the actual value used in the calculation would be ().:i. 

Table 1 

CATEGORIES OF   5(CT) 

I .T.   Adaptability 
Category Range of Values 

Value  Used 
in Calculation 

I 0.00  -  0.15 0.1 

II 0.15   -  0.25 0.2 

III 0.25   -  0.35 0.3 

IV 0.35   -  0.45 0.1 

V 0.15   -   1.0 0.5 
(maximum) 

Analytic   formulation  of   the   13 variables   relating   to   S   (CT) 

is  premature  now.     However,   the   thought  behind each estimation ot 

tiCT)   as   it  relates   to  eacli   of   the   13  variables  can be   exemplified   in 

some  detail,   as  shown   in   the   two  examples  discussed  below. 
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a.  Example 1 

Perhaps one of   the best-known series of military CAI 

experiments is the one conducted in the lato 1960s and early 1970s by 

the Naval Personnel and Training Research Laboratory at^the Basic 

Electricity/Electronics V School in San l)ieKo.
L1'12'22  As an example 

of the SRI approach used to estimate KC». cnsuler the indue-, nnc-e 

module of the curriculum, discussed by llurlock. 

Prior to applying CAI to the course, the module M 

inductance comprised 17 hours of instruction, consisting "primarily 

of lectures, question and answer discussion periods, drill and practice 

sessions, assignment sheets, demonstrations, and short laboratory 

exercises."12 Presentation of the course content was appropriate 

for introducing the student with little background to standard concepts 

involved in inductance. The following evaluation relates the module 

to the 13 variables: 

•   Teaching strategies 

Individualization is seen as very important 

in such a course, where there is likely to 

be a groat diversity of ability and interests. 

Inefficiencies in such a course are likely to 

be high, since lectures and verbal discussions 

are relied upon to teach many concepts having 

a high nonverbal component. 

Immediate feedback is applicable in several 

important areas in this course, mainly recognition 

and definition of terms and problem solving. 
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Evaluation is particularly usclul in such a 

course, when detailed information can further 

inclividuali/.e the course and prevent the need 

for remediation. 

Course content 

Commonality of a topic, such as inductance, is 

high« It is found in a number of specialities 

in all three services. 

Nonverbal Representation is common in this 

subject area, since much of the content is 

easily presented in diagrams or symbolic form. 

Teaching algorithms arc standard conventions 

tor teachint; basic electronics theory. 

Stability of such ■ course is high, since few 

changes in content, goals, or equipment occur. 

Course structure 

Simulation is easily and usefully done using 

"real" laboratory equipment that is both 

inexpensive and easily managed. 

Problem solving is a very important part of 

the course, since it is a major route to a good 

grasp of the subject. 

OJT is low Lor such an introductory course in 

electronics.  However, the use of  real 

equipment in a sense partially simulates OJT. 
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•   Course tonclitions 

Proximity to the classroom is liiyh lor such a 

course. No tield experience is needed at 

such an elementary level. 

Heterogeneity is probably high.  Students can 

be expected to vary widely in background, 

ability, and interests. 

The above considerations lead to the conclusion that the 

application oi I.T. to this course — in a form that promotes individualization, 

immediate i'cedback, simulation, problem solving, and ongoing evaluation— 

would result in significant savings in course time. Thus, the estimated 

value of 5(CT) is 0.5 (Category V).  This value of 6(CT) corresponds well 

with the experimental results of 18.5% reduction in course time as 

12 
reported by Hurlock  in 1971. 

b.   Example 2 

The second example is the Navy's current Basic Electricity 

and Electronics Course, identified as Course A-10Ü-00I0.  This course 

12 
was developed as a result of such I.T, experiments us Hurlock  applied 

to the inductance morlulc. This course already Incorporates an individ- 

ualized learning system. It is assumed that a second application of I.T. 

tO the course will result in lower time savings than the orlgiBSl appli- 

cation. 

The inductance module discussed in Example i is a sub- 

set of Course A-100-0010, and the majority of considerations regarding 

the relationship between the course and the 6(CT) variables remain 

the same.  However, those relating to individualization, inefficiencies. 
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and inuiiccliato tocdback are sumowlial cliltcroiil.  In particular, the 

liulividuali/.at ion variable contributes less to time savings, sinco the 

course lias already been adapted to meet an individual's needs.  Soii.c 

additional individualization is assumed to be ixjssible, however, because 

Of new technology and/or research results on   instructional stratenies. 

Similarly, since I.T, lias been appliod to the course, it is assumed 

that inelLiciencies have been greatly reduced in the course.  Immodiate 

feedback remains an important factor in the course to enhance the 

student's control over his rate oL progress in this highly individuali/.ed 

course. 

These considerations led to an estimate of MCT) as 

Ü.1 (Category I) ior this indi vidual izi-d basic electricity and 

electronics course. 

C,   Cost and Manpower Savings Calculations 

1.   Variable's and Parameters 

Cost and manpower savings lor the sample courses were calcu- 

lated using the estimated 6(CT)s as independent variables.  Other 

significant variaMcs, their mathematical representation, and their 

source, are indicated in Table 5. 

Table 5 

VARIABLES  USED   IN  T1IE  CALCUI.ATIONS 

Variable Description Symbol Units Source 

Fractional reduction i(CT) NO lie Estimated 

in course time 

Throughput T 
P Graduates per year Data base 

Course time 1 Weeks Data base 

Cost per graduate C 
G Dollars per graduate Data base 
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Thu model also assumed two additional parameters:  (1) equipment 

costs, representod symbolically as C  and expressed in terms ol dollars 

per terminal hour, and (2) courseware costs, represented as C  and ex- 
C 

pressed in dollars per courseware hour.  Both C and C are rei)resented 

in the mathematical model in terms ol amortized annual costs.  This is 

consistent with common practice with respect to C,; however, it may he 

coniusinu with respect to courseware costs.  The lollowinK example should 

clarily the terms. 

Assume, lor example, that t lie total cost incurred in preparinn 

one hour ol l.T. courseware material is $3000.  Assume lurtlur that tins 

material must be completely replaced in live years and that it has no 

residual value.  Amortizing this cost over live years yields an annual 

courseware cost ol MM ($3000/5) per hour.  The mathematical model uses 

the amortized annual cost. Slot) per hour, rather than the total cost ol 

82000 per hour, and the results are calculated on an annual basis. 

In estimating total l.T. costs lor each course, it was neces- 

sary to estimate the on-line laclor, 0 . the proportion ol course t Hue 

during which equipment and courseware would be in use.  For courses with 

I Lars« involvement of l.T. and a lar^e estimated ;(CT), there is a rela- 

tively heavy use ol equipment and courseware, and ü„ would be Imtf,     On 

the other hand, where l.T. is of little use, both :(CT) and Ü,, would be 

low.  lor this study, 0 and  (CT) were assumed to be linearly related: 

0 = ^(CT) 4 0.25  . 

0T is a tractional, dimensicnless term.  This lormula allows 0  to rang« 

Irom a minimum ol 0.25 when the addition of l.T. has very little benelit, 

to 0.75 which corresponds to tho upper limit of l.T. that is considered 

to be desirable.  Heler to Table 1 and its associated discussion, where 

the rang« of '(CT) is presented. 
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0T has a major impact on the calculation ol the cost of imple- 

menting l.T. in a course because it determines both the number of class 

hours that are devoted to ec.uipment and the recuired number of lecture 

hours that must be converted to courseware hours.  This is discussed in 

greater detail below. 

2.  Equations 

The four princ pal equations are those for: 

• Total  cost. 

• Cost of  implementing  I.T.,   us measured  in equipment 

and courseware. 

• Cost  savings. 

• Manpower savings. 

The annual total cost, C^ is determined by multiplying the 

throughput Tp (number of graduates) by the cost per graduate C , i.e. 
G 

CT=TP^
C

G  • (1) 

The annuaj^cost of implementing l.T . c^, is . function 

of equipment costs, course time, courseware costs, on-line factor, and 

throughput: 

10 X l X 11 - 6 (CT)] x 0 (C  XT  + C i 
I       J   T \ B  P  C; 

C 
IMP c ,     i i •    >■    ...   -      (, 

In Eq. (2) the first three factors represent total hours per 

year devoted to l.T  traininp-  nnri t >,„ 
training, and the expression in parentheses represents 

the annual cost per hour of l.T. equipment and courseware.  A machine load- 

ing of one trainee per terminal is assumed.  A dimensional analysis may 

help clarify the equation: 
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IMP   week 

hours /eciuipment cost 
v weeks . | ■  v anmial lerminal load inn 

ternlnn L-hour 

annual courseware c 

hour 

ost \ 
(2a) 

This reduce! to; 

C   -  total classroom hours x (• 
IMP \ 

annual equipment cost 

hour 

annual courseware cost 

hou 

eware cost\ 

r      ' 
(2b) 

The annual cost savings, S , are determined by applying; the 

fractional reduction ^(CT) to total costs and then subtracting the cost 

of implementing I.T., i.e., 

S = 6(CT) x C  - C 
C T   IMP 

(3) 

The annual manpower savings, S , are determined by applying 
"'" ill 

the   Craotloaal  reduction in course   time,     (CT),   to  course   throughput: 

i     ■   1.1   v   T     v      fCT)   x  t/52 
M P (1) 

The  coefficient   l.l  used  in Eq.   (1)   rcllects estimated   instructor man- 

power   savings  and  assumes  an   instructor-to-trainee  ratio  of   l:lü. 

3 .        Parameters  and  Variations 

To  determine   the  sensitivity ot   the  results   to   the  variables 

in  the   savings model, three parameters  were  varied:     5(CT),   equipi..ent 

costs,   and   courseware  costs.     Each was   varied  discretely  over   a   range,   os 

SHI   us t imale. 

51 

—mm 



T^^v^m^mmpm ■"" '■ 

summarized in Tnbli> «  Tho „r*-  * 
■,  The effects of varying 5(CT) are shown in 

fibres 3, ., anfi 3.  Thc ,ff 
v.iiyinK t  and C with savings 

delineated in both value (ft) .nd •»..i * 
Md .eal (manpower) terms are shown in 

Fisures 6, 7, and K. 

Table 6 

PARAMETER  VARIATION VALUES 

Parameter 

Equipment   costs   (I.T. 
Delivery Cost/Hour) 

Total  courseware 
production  costs 

6(CT) 

Ramre 

$0.50-$4.00 per terminal hour 

SO-Sl0,000 per course hour* 

Estimated value of 5(CT), 0(CT)-0 1 
N(CT)-0.2 ' ' 

Corresponds to annual COM, -ware production costs of 0- 
$2,000 based upon a five-year amortization. 

In the selection „I the ran.e of ec.uipment costs, the cost 

or computer hardware was assumed to be lar.er than that ol any other 

type of I.T. equipment.  Thus, the selected equipment cost ran.e 

reflects CBI hardware costs.  For course  «..* 
roi   com sco that use other types of I T 

hardware (e.g., audio-visual devices^  th   ,  , 
uai devices), the calculations are somewhat 

conservative. 

I" the assignment of categories of :(CT), a 1:1 ratio of 

students per terminal was assumed, using alphanumeric terminals.  This 

assumption impacts only on equipment costs.  As shown below, savings 

that can be realized through the use of l.T. are lcss ^„^  ^ 

hardware costs tha. other parameters. 
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1000 1000 2000    0 500 1000 

ANNUAL COURSEWARE   DEVELOPMENT   COST 
dollars/course  hour 

TOTAL TRAINING COST FOR SAMPLE  = $75,000,000 

2000 

TA-710582-42 

FIGURF  3      EFFECTS ON  DOLLAR SAVINGS  (TRAINING  COSTS)  FOR SAMPLED  U.S. ARMY 
TRAINING COURSES FROM  VARYING THE  VALUE OF MCT)  FOR 4  IT. 
DELIVERV   COSTS  (Cf) 
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FIGURE 4      EFFECTS ON  DOLLAR SAVINGS (TRAINING  COSTS)  FOR SAMPLED U.S. AIR 
FORCE  TRAINING COURSES FROM VARYING THE VALUE OF 5(CT)  FOR  4  I.T. 
DELIVERY COSTS (CE) 
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FIGURE 5      EFFECTS ON  DOLLAR SAVINGS (TRAINING  COSTS)  FOR SAMPLED U.S. NAVY 
TRAINING COURSES FROM VARYING  THE  VALUE OF MCT)  FOR 4  IT. 
DELIVERY COSTS (CJ 

jo 

mmm mmtm 



iIVMW mmm iw"m" ■ ■ ■ ■ 

.'4 

20 

a I 
> 
< 

V) 
O 
(J 

z 
i 
< 

0 

24 

20 

a 
UJ 
> 
< 
CO 

FIGURE  6 

-   30 

Sample  Sue  =   39 Courses 
Total  Training  Cost  ■  575,000,000 

S4 00 

!30 

Sample Size  ■   39  Courses —| 4b 
Total  Trainee Throughput   =   4,300 Man-Years 

MCTI  = 

1500 

ANNUAL  COURSE   DEVELOPMENT  COST   IC 
dollars per  course  hour 

TA-710582  43 

EFFECTS ON  DOLLAR AND  MANPOWER  SAVINGS FOR SAMPLED  US   ARMY 
TRAINING  COURSES FROM  VARYING  IT.  DELIVERY COST   CTAND c0UR.E 
DEVELOPMENT COST (C)  FOR CONSTANT 8{CT) E 
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A systematic shift in the values of ^(CT), which can be con- 

sidered a major variation in learning strategy, produces considerable 

variation in the behavior of the savings curves.  Figures 3, 4, and 5 

display these effects on savings as 5(CT) is systematically decremented 

first by one and then by two categories, referred to symbolically as t 

and 6 , respectively.  The 6 valiv represents the best estimate of all 

the 6(CT) 's.  Under 6 conditions, all courses in Category V would be 

reduced to Category IV; Category III courses would be classified as 

Category II, and so on.  In the 6 curves, all courses that were Category 

V would be reduced to Category III; courses in Category IV to Category II, 

and so on.  The solid-line curves show the results based upon estimated 

values of 6(CT) and fixed hardware costs of $0.50, $1.00, $2,00, and 

$1,00 per terminal hour.  The dashed and dotted curves reflect savings 

based upon the decremented values of 6(CT) and the same hardware cost 

ranges. 

The variations in ö(CT) yield tremendous variations in savings. 

As an example, consider the case of the Air Force sample (Figure 4 ). 

For a hardware cost of $0.50 per terminal hour and a total courseware 

cost of $2500 per course hour, the savings increase from $2.5 million to 

$14. 1 million when 6, is changed to 6 .  This is an increase of more 

than 500 percent.  This reflects the considerable impact of learning 

strategies—the major components of MCT)--on savings. 

The estimated annual dollar and manpower savings for the sample 

sets of courses selected from each military service are summarized in 

dollars, in training time saved, and in percentages of the total manpower 

and the total traininp cost.  The results, taken from the computer runs, 

are shown graphically in Figures 6, 7, and 8.  For example, the upper 

graph in Figure 6 shows total annual dollar savings for the 39 sar^led 

Army courses.  Each curve represents a different assumption for hardware 

cost.  The abscissas common to both sets of curves show annual course 
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development cost (C ).  Savings in millions of dollars and in hundreds 

of man-years can be read directly 1 rom the left hand vertical -ixls.  On 

the right hand vertical axis the savings may be read directly in terms 

of percent of training time or cost saved. 

Assuming hardware costs of $1.00 per terminal hour and $2500 

total cost per course development hour, the savings amount to $13.6 million, 

or 18 percent of present costs, for the sampled Army courses.  There are, 

of course, some additional questions, not addressed in this study, as to 

how these savings would be actually realized. 

To realize these savings, it would be necessary for the services 

to institute immediate reassignment of graduated personnel to productive 

jobs.  There is also the possibility of giving such personnel additional 

training.  Such questions impact on military policy and cannot be dis- 

cussed here.  Thus, these estimated savings should be viewed as potential 

increases in "effectiveness." 

In computing the totals shown by the curves, savings for each 

course that yielded negative savings through the introduction of l.T. 

wore set to zero.  Negative savings imply that the cost of implementing 

l.T. exceeds the projected savings, i. nd there would be no rationale lor 

making such changes. 

The following considerations determined the range of hardware 

costs.  A PDP-11, NOVA, or Hewlett-Packard minicomputer system with 20 

Teletype terminals costs approximately $50,000.  Amortization over 

five years  and use of 2000 hours per terminal yields a cost of $0.25 

Both hardware and courseware costs were amortized over five years to 

an assumed salvage value for equipment and courseware of zero; i.e., 

it is assumed that both hardware and courseware must be completely 

replaced every five years. 
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per  terminal   hour,    AssuminR maintenance  costs of  one  percent   per  month 

and  capital   costs  of  5  percent,   the  present   cost  per  terminal  hour 

approaches  $0.50.     In  comparison,   a  Üatapoint   2200   stand-alone   system 

with alphanumeric display,   tape cassettes,   and 8K   (byte)  memory costs 

$8,000.     Atsuminp  the  same usage  and  amortization,   this  system has  a 

hardware   co; t  of $0.80  per terminal  hour.     Generally,   costs of   large 

scale  systems  and commercially available  services  range   from $0.40   to 

$1.60  per   terminal  hour,   including software  and mainteiuincc.     Public 

schools   in  the  San Francisco Bay Area  arc   presently obtaining CBI 

services   for $250  per month  for unlimited  usage,   including maintenance, 

one Teletype   rental,   and  local  communications  charges.     This corresponds 

to a cost of $1,40  per   terminal  hour.     These  costs  cover the  range of 

presently quoted  prices—or exceed   those  prices--for nearly all   I.T.-CBI 

systems under  consideration.     An extended   range  of  representative  hardware 

costs  per  terminal   hour were used  in  this  study:     0.50,   $1.00,   $2.00,   and 

$4.00.     The  lower   figure reflects  the  assumption  that  hardware  costs  are 

expected  to  decrease. 

In  addition,   the  following values  of  total  courseware  costs 

par  hour  were  used   in   the  study   to  determine   their  effect   on   I.T.   savings: 

0,   $2500,   $5000,   $7500,   and $10,000.     The   corresponding  amortized   aniuial 

costs   were  0,   $500,   $1000,   $1500,   and  $2000,   respectively.     A   total   cost 

of $2500/course  hour corresponds   to  200  hours  of  authoring  time  at   the 

rate of $12.50  per hour. 

The   graphs   in  Figures   3   through   8  were   compiled   from   the   larger 

sot  of course-by-course detailed  results   shown   in   the  printouts  presented 

in Appendix C.     The  printouts display   typical   profiles of dollar  and  man- 

power savings,   which  can  he used  as   standards  of  comparison   for other 

courses  of   i- terest. 
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FlKure   9  is  an   illustrative  example  of   the   printouts  contained 

in   Appendix  ('.     The  column  headings   arc: 

A ibi'eviation 

TP 

CT 

$TOT 

CAT 

$COMP 

$SAV 

MANSAV 

REF 

Explaaation 

Throughput   (Braduatos  per  year) 

Course  time   (weeks) 

Total cost (dollars per year) 

Estimated category of 5(CT)--sce Table 5, page 18 

Cost of compuierizing (equipment) 

Total dollai savings per year 

Total man-years saved per year 

Reference number for identifying source 

documentation—sec Appendix C 
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V  MAJOR FINDINGS 

The impact at   I.T. on Dol) actlvitl0l Can lJ>' inlcrrcd Irom tlM FMUltl 

presented in Bection  IV,    The result! itigguet   that  Lf Inaovatioai In I.T, 

are   implemenUnl   in   I lie   militarN   services,    the  DoD   will   benefit   irom   re- 

duced   total   training  costs.     Tills   section  discusses   the  major   Undings 

of this research prograa.    Dlsousslon of the  flndlngi responds directly 

to   the   categories   (1)   ami   (2)   ol   the   researcli   objectives  discussed   in 

Section   III.      Recommendations,   category   (3),   are  discussed   in Section  VI. 

A.        Measureinent   oi   Bene tils 

Present  experimental data OB   training  innovations   relates   to   the UoL) 

training picture  as  a  whole  through a quantifiable parameter defined  as 

(CT) .     Because  most   experiments  are  reported   in   terms  of   reductions   in 

time   to meet   course  objectives,     (CT)   was   selected  as   the  central   parameter 

for   the   calculations.     The   cost   calculations  can  bo  considered  as   a  simple 

extension Irom estimated     (CT)s   to  cost  and manpower savings. 

Each mj.litary  service minimizes  training  costs within   the  constraints 

of  miliiary  readiness,   availability of  resources,   and  the   levels of  com- 

petence  required   to  carry out  explicit  tasks.     Within budget   and resources 

limitations,   tradeoffs  are made  that  give clue  consideration  to  all  of   the 

variables.     When new  policies  a>'o adopted,   when  research programs are un- 

dertaken,   or when   training  innovations arc made,   the cost model  permits 

rapid   reassessment   of   the   implications. 

The   total   cost   variations   shown   in  Figures   3   through  8   have  con- 

siderable  sensitivity   to     (CT)   but   less  sensitivity   to variations   in 

hardware   and  courseware   costs.     Although   hardware   and   CO    •seware  cost 

variations   have   fl   large   relative  elfect,    this   effect   is   dominated  by   the 

effect   ol      (CT)   variations.     For   the  Army   sample,   an   increase   in   the 

total  development   cost    Irom $2500   to $5000   per   course   hour   (holding 

deliver)   cost   at   g2.00  per   temlnai-hour and   SCCT)   at   6 )   reduces   ihe  cost 
0 
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saving  by  21   perct-n t .      A  decrease   in  delivery   cost   from  $2.00   to  SI.00 

per   lerminal-hour   (at   constant   $2500  per  course   liour   and   6  )   increases F 0 
the   cost   saving  by   25   percent.      A  decrease   in   i(CT)   by  0.1   trotn   6     to 

6     (at   S2300   per  course   hour  and  $2.00   per   terminal-hour)   decreases   the 

cost   saving  by  43   percent.      A  change   ir nn   6     to   6     (at   $2500   per  course 

hour  and  S2.00   per   terminal-hour)   decreases   the   cost   saving   by   70   percent. 

Similar   tradeoffs   hold   for   the  Navy  and  Air  Force   samples.     Thus   changes 

in   6(CT)   have   strmg  effects   on   tost   and manpower   savings,   whereas   the 

cost   of hardware   and   courseware   have   a   lesser  effect. 

The  results   suggest   that  considerable cost  and   manpower savings can 

be  realized  by   Introducing  I.T.   and   that   these  savings  are,   to  some ex- 

tent.   Independent  of  üqulpment  and   courseware costs.     Economies of  scale 

are  not  necessary   to  achieve  cost  and  manpower  savings.     The most   influ- 

ential   variable  is   training strategy.     Thus,   proposed   i.T.   systems  should 

be  analyzed  on   the  basis  of   their  Instructional  methods;   less  emphasis 

should   be  placed   on   their  equipment  or  courseware   costs. 

This principal   relationship of  savings   to  >(CT)  depends on  large  values 

of   :(CT)   that     ield   large   reductions  in   training   time  and  corresponding 

large  reductions   in expenditures   in  student  salaries  while  in   training. 

Since  salaries  are major   training costs,   these  results  are not  surprising. 

A quick  scan of  Figure 9,   for example,   demonstrates   that despite 

variations   in  ^(CT),   the  "CAT"   variable,   there  arc  courses  in   the  area  of 

technical   training where   it   is well worthwhile   to  introduce  I.T,     In other 

cases,   the  net   savings  are   negative,   indicating  that   the  cost  of  adopting 

I.T,   exceeds  the   projected  benefits.    Several   factors may be  responsible 

for  the negative   savings:   low  throughput,   low conventional   training costs, 

or   the  inappropriateness   of   I.T,   for  that  particular  course. 

There are several -easons why I.T. can be expected to yield greater 

benefits than those presented. This project investigated only technical 

courses.     Enough  evidence  has  been  accumulated   to   Indicate   that   the 
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Introduction of l,T, Ln nontecbnlcal coursei would offer ben< tit^ '>i 

similar mgnitude. Also, oversena and other comanda «ere not covered, 

and  0.11'   COUreei   wert,   ixe In did.      In   I In    casi   ot    the   Amu,   only  CONARC 

data were used. 

The Army, as well as the Nnvy, and Air Force, docs not explicitIv 

account lor all training costs, in particular 0.1 T.  For example, alter 

basic training, the trainee in CONAHC takes either OJT or advanced tech- 

nical training to qualify in a more advanced military occupation' 1 spe- 

cialty (MOS).  The technical Irainin^ courses for the advanced, technical 

MOSs Vary Ln Length from 5 to 35 weeks and are given at a number of diifer- 

ent schools.  Although advanced individualized training, support training, 

and advanced technical courses all have formal schools CO  iei associated 

with them, the trainee may bypass them and gain his MOS through O.J i . No 

method presently exists to separate the portion of a soldier's lime that 

involves leirning a skill from the portion spent qualifying for an MOS 

while attached to an operational unit.  With the application of new 1 .T . 

within the operational units (general purpose and strategic forces), poten- 

tial savings would be gained not only from formal training courses (those 

for which statistical savings can be calculated), but also from many OJT 

courses as well.  This would increase any savings calculated on the basis 

of available cost statistic^, which focus only on the costs of formal 

training courses and thus u.-.derost imate the actual amount of training re- 

quired to reach a given MOS. 

The Navy course called "Basic Electricity and Electronics," discussed 

in Section IV, is another example of how I.T. benefits can be easily 

underestimated.  The I.T. used in this course is self-paced learning, 

and the catalog reflects a possible completion time of one to eight weeks. 

The Amy has recognized the use fulness of I.T. m training other than 

that conducted in formal ■choola.  It is low experlnentlng with the use 

of audiovisual dlvlcea in gelected Army divisions in COST'S and Kuropr, 

Courses are being redesigned along the lins deacrlbed by the Board ol 

Uynainic- Training.-7 
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The stated average completion time was four weeks at San ÜieRO and six 

weeks at Great Lakes.  The Navy has lound that the introduction of I,T. Is 

an iterative process in which further reductions in course time occur as 

new I.T. techniques are Implemented.  Thus, the course time averages may 

still have the potential for further reduction. 

B.   Commonality 

The services already share a portion of their training activities. 

Some specialty courses taught by one service are given to trainees from 

other branches.  This Is particularly true where machinery, such as avia- 

tion eciulpment. Is common to the services.  In other cases, courses In- 

volving similar training areas are taught separately because of the differ 

ont objectives of each service.  Increased commonality would have the 

advantages listed below. 

• By jointly sponsoring I.T. research, the services 

could reduce their Individual costs and gain the 

benefits of multlsponsored research. 

• By sharing operating experiences In I.T., the 

services could reduce the redundancy of potential 

errors made in introducing new I.T. 

• By pooling their training, the services could achieve: 

Increased teacher proficiency. 

Reductions in the nuirber of schools. 

Simplified development and revision of 

currlcul i and exchange of courseware 

modules. 

Centralized logistic and scheduling controls. 

•  By working together in common areas, the services could 

Improve the standardization of languages and communica- 

tions schemes. 
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These conunonalitius CM BVOlv III a practical way with lime and ex- 

perience, especially If th. training comnuuuls are aware of the potential 

heneiits they would receive when procuring new I.T. equipment and sponsor- 

In, new research and development.  II conflicts should arise from differu., 

traintng objectives and philosophies, scheduling incompatibilities, varia- 

tions in curriculurr, planning, and divergent equipment requirements, training 

managers could minimize them through Joint participation in the activities 

and projects recommended in Section VI. 

Although commonality can help to maximize the benefits from I.T., 

.ncreased commonality is not necessary to gain benefits from I.T.  Benefits 

can be realized from I.T. in each service without a pooling of resources 

and activities.  In fact, some advantage might be gained from independent 

approaches to similar problems. 

C.   Training Philosophies 

in the DoD training system abouc half of the training occurs on the 

job; the re<t is formally organized as schooling.  For all training, however, 

I.T. characterized by training aids wherever the trainee is located offers 

important potential savings. This complements a policy trend toward more 

training in the field under realistic circumstances away from artificial 

school environments.  The full range of didactic material, deemed necessary 

to attain course objectives c.n be conveyed through minicomputers and video 

devices on site for a given course.  A trainee working toward qualification 

for operating ne. .quipment or achievement of a higher rating can take his 

course in situ, supplied by course materials prepared at the school. 

Potential benefits from implementing training philosophies through I.T. 

are significant: 

• Reduced pay, allowances, and relocation costs when 

trainee transits to the school are eliminated. 

• More efficient training as a result of using more realistic 

training environments. 
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• Improved readiness of equipment due to its  systematic 

exercise  through didactic modes. 

• Shorter learning times because instruction is  individ- 

ualiyod and personalized. 

• Reductions  in school overhead costs due to reductions in 

school loadings. 

• Easier revision of course material to reflect changes in 

policy or equipment.     (For example,   new  courseware  can be  re- 

corded on cassetces at the course center  and mailed out  to  those 

training terminals where the course is currently supported.) 

The minor redirection of training philosophy necessary to realize these 

benefits is underway.     A strong trend toward training  in the field already 

exists,   and the idea is popular among field commanders who believe that 

training is more effective when conducted under actual  field conditions. 

If  the transition to I.T.-implemented training is made  slowly and continuously, 

time and experience will permit procedures,  policies,   and equipment to be intro- 

duced in an orderly manner without disrupting normal operations.    This will 

allow sufficient  time  for feedback from the field experience to make equipment 

and courseware modifications. 
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VI  ^COMMENDATIONS 

The UoÜ should establish l.T. research centers Of improve present 

educational tacilities to coordinate research activities and to accelerate 

the application ol research results from the laboratory to the iield. 

A.   UoD Research on Instructional Technology 

The iinancial risk to *ii . Dot) ol undertaking future research on l.T. 

is small compared with the potential gains in dollar and manpower savings. 

Flexibility in mission readiness and preparedness has been shown to be a 

corollary benefit from I.T., and the military should continue to consider 

these requirements when establishing its research budgets.  However, reli- 

able manpower and dollar savings alone justify further l.T. research programs. 

The potential gains to the military ol the research programs suggested 

below lie in their commonality to military services, in thei'• research 

nature—as opposed to operational or developmental programs—and in their 

ease of integration with projected l.T. systems.  Their purpose is to 

guide and to clarify an optimum future development path for l.T. within 

the military. 

Five domains of res^jrch are pertinent: 

• Theory of instructional strategies; 

• Curricula and courseware development 

• Course evaluation methods 

• Hardware and software aspects of applied l.T. 

• Benefit and cost analysis of l.T. 

The results of this .study indicate that future funding should be assigned 

to these categories of research on a priority basis according to the ranking 

in the above list.  Learning, lor example, definitely has a first-order effect 

on 5(CT), and it is a function of the instructional strategies and evaluation. 
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The c-arseware,   hardware,   and   software effects were  shown  in  Section  IV to 

have  less  influence on  savings  and  should  therefore be  assigned  lower 

priorities.    Benefit  and cost  analysis research should  be contirued to keep 

the  I.T.  costs in line with the projected and realized benefits  and  to im- 

prove the chances of  benefitting from future research  results. 

!•       Tho Theory   of   Instructional  itratgglgj 

Research on   learning  processes   is  necessary   to   the  successful 

expansion  of  I.T.     The major  component  of savings   that   can  be  realized 

through   the application  of   I.T.   to   traininu  lies   in   this   category. 

Further  research  is needed   to  answer  the  following questions: 

• What  aro  the  appropriate instructional  strategies? 

• How can  I.T.   improve motivation and achieve the corresponding 

inherent  benefits  of  increased learning and  retention,   reduced 

training  time,   and more reenlistments? 

• What  is the  effect  of  feedback? 

• What is the role of  the teacher using  I.T.? 

• How does  the  Hawthorne effect*   impact  on   I.T,? 

• What  is the  importance of interstudent discussion? 

• What  is  the psychology of  the student-machine  interface? 

Research should be conducted  to improve understanding of  the relationships 

between instructional  strategies  and   (1)  course content,   (2)   student popu- 

lation characteristics,   (3)   instructor training,   and   (4)  CBI  apprentice- 

ship techniques.     Improved  techniques  arc needed  for interpreting  student 

The Hawthorne  effect   refers   to   initial   interest   in   and   good  performance 
as  a  result  of  an   innovation,     A  reversion   to original  performance  occurs 
when   tlie   novel ly  has   passed. 
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responses, solicLlinp; flesu'ecl responses, nnd tiurensin^ student satis- 

faction . 

Research on the response ol low-aptitude personnel to various types 

ol self-pacint; and individualized training should be accelerated.  In addition, 

research should be conducted to determine improved combinations of peer 

training, self-pacing, hands-on learning, and conventional lecture study 

with books and manuals.  Relationships between instructional strategies 

and cognitive development, attitude changes, motor skills, and group/team 

performance should also be studied. 

Research is r cessary to improve identification and measurement 

of the relative effectiveness of motivational factors.  The role of the 

instructor as a motivational model should be studied, and improved methods 

for fostering practical attitudes in instructors toward I.T. innovations 

should be developed. This may require the establishment of courseware 

development as a professional discipline.  Research is needed on the 

effective use of available materiuls and games to teach trkills and concepts 

and to provide practice in applying concepts. Motivation is closely linked 

with student strategies, as the student's strategy varies in response to 

the instructional strategy. 

Research on the psychology of the student-machine interface is 

recommended for the purposes of developing more effective modes of display, 

improving the mechanical processes foi student responses, and establishing 

more efficient methods of structuring machine dialog.  The study of this 

nonverbal dialog should include research on more efficient man-machine 

interaction. 

2.  Curricula and Courseware Development 

Guidelines should be developed for increasing commonality in 

curricula and courseware (languages and software).  Some of the main 
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impediments  to dissemination of   I.T.  courseware and CBI  programs  are in- 

compatibilities  in author  languages,   hardware,   and  software.     For  example, 

two bases may teach the  same course,   but  the CBI  used  for  that  course at 

one  base may not  be  easily   transferable to the other base  because of 

software differences. 

Courseware development   should  be established  as  a  separate 

discipline,   fundamentally  independent of course content  and  service. 

Research is needed on training authors  and instructors  on a  large scale. 

Although courseware costs  impact   in a   second-order sense on   I.T,,   some 

research  should  be au^lressed  toward  the more efficient  preparation of 

courseware,   in particular,   programming  languages  and  formal processes  for 

creating  teaching algorithms.     The wide range of parameter values  for 

courseware costs used  in  the cost   analysis  in Section  IV are due  to widely 

varying estimates of  the cost  of  producing courseware.     The  lower figures 

(see Section IV)   for courseware preparation costs  are both reasonable and 

conservative,   especially when viewed  from the perspective  of  future 

advances  in programming  languages,   such  as  the development  of  automatic 

courseware generators. 

Courseware  costs   c>in  be  expected   to  be   reduced   in   the   future 

lor   several   additional   reasons: 

• Improved author experience and  establishment  of  a 

courseware discipline. 

• Use of advanced  students  as  authors of course  segments. 

• Appropriate modularizations  of course materials. 

la  conducting   research   in   this  area,   special   consideration 

should   be  ^iven   to  a   systematic   exploitation of   research   results  on 

courseware organization,   since  this  is one  area where  research  results 

are  not   adequately  disseminated. 
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3.   Kvaluation 

IT.. and CBI in i)art icular, is still at too early a staue Ifl 

its development to have established accepted standards ol evaluation 

Research is necessary to develop models lor emparin^ varieties ol I.T. 

systems on a common basis.  Course evaluation methods must be determined 

that meet the following objectives: 

• To assure attainment oi course training objectives 

• To meet go/no-go testing criteria 

• To provide feedback on the student's progress 

• To measure the trainee's performance 

• To measure the trainee's confidence 

• To provide processes for identifying learning deficits 

and for applying appropriate remedial action. 

*«   Hardware and Software 

Research in I.T. hardware (computer and other) and software 

should be considered, even though its impact on savings is less than that 

attainable through improved instructional strategies. The term "hardware" 

is used here to refer to the collective media and equipment, although 

computing equipment has been emphasized.  The principal objectives of any 

research on hardware should be first, to improve the training mechanism, 

and second, to improve cost effectiveness. 

In the past, hardware and software availability have often 

determined the constraints of CBI courseware. This relationship is not 

appropriate for the emerging technology.  With appropriate research, the 

process can be reversed, and learning processes and I.T. requirements can 

be used as a basis for selecting and/or developing the appropriate hard- 

ware and software.  Such an approach requires research in several areas: 
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• The application of special purpose contra! processing units 

and peripheral equipment in I.T. environments. 

• Relationships between training objectives, instructional 

strategies, and different hardware configurations. 

To benefit from research on hardware/media conducted in the 

industrial sector, additional economic research is recommended to determine 

moans of fostering and accelerating the response of the private indus- 

trial sectors to the requirements of l.T.  Justifications—based on sound 

business principles—for the development of competitive sourcet of I.T. 

hardware need to bo presented. 

SRI recommends that software research concentrate on establishing 

criteria for the selection of author languages, based on training objec- 

tives and instructional procedures.  More research on (1) software tech- 

niques for data colloction and evaluation in real time and (2) basic 

software components—e.g. , metacompilers and translators—would also be 

useful. 

In particular, note that the number of CB1 languages can only 

proliferate with increasing time.  Thus, emphasis must be placed on de- 

veloping metacompiler generators tor languages that concentrate on the 

language aspects rather than the software considerations. 

5,   lienetit and Cost Analyses 

Most of the benefit appraisals of I.T. conducted in the last 

f-jw years have been evaluated using cost as the principal parameter of 

interest (see Appendix A).  In each of these cases, appraisals were 

complicated by a lack of comparable bases for cost comparisons.  Research 

is required for the development of a uniform approach in which cost variables 

can be fixed and varied systemütically to provide a controlled context for 

evaluation. 
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Tickton and Kolin dolineatod many of the criteria nueded ior such 
20.^8 

an analysis.      Il their plans arc adopted by national agencies, then 

all grants from such agencies will require ehe grantee to provide the 

specified information needed by the costing methods.  Such a procedure, 

if also adopted by the military, would enable the military to test its 

programs against a standard and to compare its programs with programs used 

in the civilian and industrial sectors.  SKI recommends additional research 

in this area to facilitate the use of such costing methods in the military. 

The experience gained during this research project demonstrated that the 

absence of standardized costing procedures imposes a handicap on researchers 

studying I.T. in the military.  The recommended research is intended to 

eliminate this hanoicap. 

A systematic, course-by-course analysis based on the data base 

and an automated mathematical model could bo useful to each of the services. 

However, such research should incorporate all up-to-date information on courses 

that have already been modified for I.T. (e.g., programmed instruction). 

Research on data base methodology for CBI systems is recommended. 

Considerable disagreement exists about the appropriate data requirements 

for CBI systems (in such areas as data logging and the size of the data base). 

Research should be conducted to determine the necessary data base requirements. 

Assumptions that large data bases are necessary should be studied carefully, 

since there U no generally accepted evidence that sizeable portions of CBI 

data bases are useful.  The result of such assumptions may turn out to be 

large, costly, inflexible systems. 

Software costs can easily dominate the total computing system costs 

of CBI.  Thus, research on computing software should have the same priority 

level as the hardware research in CBI systems. 

A ■yst«««tic analysis would nlso aid in t lie development ol nn 

■nalytical tool.  The main purpose of porfoctlng an analytical tool 
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is to enaole a paraproressional to use it in ovaluatin« courses.  At 

present, this is strictly the Job of I highly skilled pn)lessional . 

Thus, SHI recommends additional research to tout iiuie t lie study of the 

relationship between MCT) and the independent variables ol l.T.  Such 

inlormation would be especially us.lul in pluming curriculum modilica- 

tion and development in operational l.T. research centers.  It would 

provide a systematic basis lor relating the capabilities ol the instruc- 

tional techniques to the instructor's detailed knowledge of course con- 

tent and objectives.  Such research should be directed toward investigating 

functional relationships between ^(CT) and the variables, determining 

domains of values lor the variables, and validating the lunctional lorm 

using the existing data base. 

H.   Instruction Technology Research Centers 

To improve coordination of activities, expenditures, and research 

among the services, it is necessary to establish a basic l.T. research 

center and to enhance the present operational l.T. efforts within the 

services.  Both classes of l.T. centers are important because the services 

are obligated under mission requirements to concentrate their principal 

resources on operational programs, and because it is necessary in this 

long lead time technology to support basic research via another mechanism. 

The high commonality of this technology strongly argues lor an independent 

activity capable of supporting all three services. 

The concept Of the l.T. research center (either basic or operational) 

has been presented by several other researchers.  For example, a compre- 

hensive design was completed in 1967 by the OH ice of Naval Research.1 

The Navy design sots forth a rationale similar to the one presented In 

this report.  However, due to the evolution of technology in the last 

five years, the procedures recommended here are somewhat different. 
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1.   The Basic Instructional Technology Kosoarch Center 

The I.T. research center should be structured as an autonomoii' 

organization with well-cstal)l ished lines of communication to the servl es. 

It shoulci be administe.ed contractually under either AUPA or joint ser- 

vices management.  The center should bo organized with balanced participa- 

tion of all three services in mind.  Imbalance in favor of any particular 

service would only intertere and degrade the cooperation that is a neces- 

sary ingredient to the success Of the center's program. 

The objectives of the basic I.T, research center should be the 

following: 

• To provide a foundation for nourishing basic research in 

I.T. 

• To monitor and validate the future benefits of I.T. in the 

DoD. 

• To maintain an optimum path for the expansion of the use 

of i.-r.  in the DoD. 

The center must perform and support research to be cognizant of the present 

and projected state of the art in I.T., and it must also take responsibility 

for research in "blue-sky" areas that the individual services would have 

difficulty justifying.  The center should also be available us a bread- 

board facility for outside researchers to use in conducting their experi- 

ments. 

The center should serve as a focal point for centralizing docu- 

mentation, communications, and research efforts.  For example, many 

laboratory research results on learning processes are rarely applied at the 

actual training site, or they are only partially implemented.  The center 

could strengthen the feedback loop between research sites and field sites. 
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and it could assure some continuity in the filtering process between the 

laboratory and the classroom by monitoring the technology. 

The proposed center can be similar to present coordinating 

centers operated by the Office of Education, Atomic Energy Commission, 

National Institutes of Health, and National Bureau of Standards.  However, 

the activities of the basic I.T. research center could le dispersed in 

location, possibly along the nodes of the ARPANET.  Th« facilities, for 

the most part, already exist.  Since the center must serve as a timely 

distribution and communication center, the ARPANET can serve admirably. 

The center must be responsible for establishing some level of standards 

for research and programs, without restricting present efforts.  It must 

accept alternative approaches; in fact, it s.iould support them with a 

balanced perspective. Thus the center should be responsible for relating 

the efforts of the individual services and, thereby, for preventing 

unnecessary redundancy. 

The center must be organized to compare components and techniques 

in relation to training effectiveness and compatibility with equipment. 

Training strategies should be optimized to make use of variations in equip- 

ment. 

One "of the most important functions of the center should be to 

assure the availability of competitive sources in industry for hardware, 

software, and courseware. The Industrial sectors of the economy are 

usually very responsive to UoD technical requirements, and some central- 

ization of specifications for this type of technology would aid the cost 

effectivaness of industry's resoarch and development in this technology. 

The ARPANET and the Network Information Center could be used 

as a means for communication and as a research facility to coordinate I.T. 

and CBI research funded by the basic I.T. research center.  The network 
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would permit, for example, experimental techniques in one laboratory to 

be linked to another.  Or, courseware created at one node could be exercised 

at another node to be evaluated on  diiferent equipment and in line with 

varying objectives. 

The I.T. research center could also serve an invaluable role 

by acting as a catalyst in instituting workshop concepts and providing 

workshop 1 acuities.  There has been considerable interest29 in establish- 

ing I.T. workshops where participation could be dispersed and easily 

available to many researchers.  Again, the ARPANET can serve as a valuable 

adjunct to this concept. 

Workshops provide an efficient process tor developing opinions 

and coordinating information.  Assertions can be proposed, discussed, and 

modified in a matter of minutes or hours, rather than in a period of 

months.  In I.T., a number of research activities are carried on all over 

the country.  These researchers could convene on tlu AHPANKT, say, once 

a month.  Geographically they would be at home, using their own computers 

and instructional programs.  Functionally, however, these nrograms would 

be exercised by the entire community.  Revisions could be .ried and dis- 

cussed on line.  The ability to try alternatives in a group and to iterate 

toward new concepts in a short time adds a qualitatively different re- 

search dimension. 

To fulfill the objectives proposed above, the research center 

must have personnel skilled in all of the technical and administrative 

categories that relate to the use of I.T.  This includes but is not 

limited to: 

• Mathematicians and statisticians 

• Psychologists 
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• Economists 

• Courseware authors 

• Software experts 

• Hardware expert 5 

• Educators 

• Administrators. 

Such technical and administrative skills are necessary both to perform and 

to monitor research programs and to keep the center headed toward its 

principal objective:  optimizing the benefits that can be achieved by the 

introduction of advanced technology in the military training establishment. 

2.   The Operational I.T. Research Centers 

Although basic research in I.T. should be supported or coordi- 

nated through a joint service organization, the Individual services will 

use the results of such research to meet their individual objectives. 

Tie services already have established I.T. research facilities  and the 

suggestions below are intended to augment the functio . of these existing 

facilities. 

First, SRI recommends that each service designate one of its 

facilities as an I.T. operational communication center for inverfacing with 

the basic I.T. research center.  Although the center located at a Navy 

installation might serve as the main center for Naval course^ all bases 

could be informed on a day-to-day basis of I.T. activities in the other 

services.  Part of the communication role of the operatioral centers would 

Keeslcr AKB; Chanute AFH; Navy Training Devices Center, Orlando; Naval 

Training Research Institute, San Diego; Fort Monmouth. 
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be to provide a variety of I.T. demonstrations for those interested in 

initiating or expanding the use of 1.1. at their bases. The availablity 

of a single facility with information on all I.T. courses in the service 

would facilitate implementation of I.T. and remove the pi-)hlem of OB- 

site course demonstrations. 

Second, the operational centers should be responsible for training 

instructors in the use of I.T., particularly CBI.  Instructors might well 

be trained at these centers to return to their bases to instruct others in 

the new role of CBI monitor/instructor.  Feedback to the centers from in- 

structors in the field could optimize the training of instructors who will 

be using CBI in such diverse ways as drill and practice, tutorial, and 

simulation modes. 

Third, the centers should train instructors to prepare I.T. 

curricula in a variety of modes.  In the course of such training, some 

courses will be produced at the centers, but in the long run, it is assumed 

that most courses will evolve in a decentralized fashion from local in- 

structors. 

Fourth, the centers should disseminate courses written at these 

centers and at the basic I.T. research center. The operational centers 

also oner an ideal location to collect information on I.T. courses. 

Feedback from the users of such courses could be used in revising the 

material, as well as in developing techniques for revision. 

Fifth, the centers should serve as a vital link in reformulating 

basic research results to be of use in the field. 

Intcrservice staffi.ig should provide ongoing communication and 

stimulation to I.T. users-producers.  Tin- stall of oath center should 

include experts on hardware, soltware. and courseware.  Courseware experts 
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should  be   lamiliar with  the preparation  of   a  variety of   I.T.  modes  and 

with  research  in   learning  applicable  to   I.T.     Software  and hardware experts 

should be   familiar not  only with equipment   at   the   laboratory,   but  also with 

equipment   likely  to  be   found  at  bases using   the   laboratory.     Service  person- 

nel  using   the   facilities of  the  laboratory  should  be experts  in  the  area 

for which  they will   be  producing curricula. 

The present  study covered the  role of  I.T.  in the military 

services  as  a whole.     Since existing military educational centers were 

not exhaustively  studied,  no recommendations  are made concerning experi- 

ments to be conducted in these existing centers,   scales of operation, 

research investments,   staffings,  or other considerations.     Such topics 

would benefit  from further study. 
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Appendix  A 

REPORTED   INSTRUCTIONAL TECILNOLOGY  APPLICATIONS 

SELECTED FROM  LIIT-RATURE   SURVEY 
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Appendix  B 

SOURCES OF TRAINING  COSTS  AND THE  NIMBER  OF TRAINEES 

This  appendix   presents descriptions nnd   examples  of   the   source 

documents   from   which   the data  used   lor   this   study   were   collected. 

1 U.S.   Air   Force 

The U.S.   Air   Force  compiles   summary   cost   data   on   tnlniBf  and   ninln- 

tains   them   in  a   computeri/ed  data  bank.     This  data   bank   is  updated   each 

year and  was  designed   by   the  Management   Analysis  Office  of   the  Financial 

division Comptroller's  Office  at    the  llcadciua rt ers   of   the Air Training 

Command.     Data   are  compiled  on   total   cost   per  fraduat«  at   the  individual 

traininR  course   level.     Cost   data   u.-;ed   in   this   study  are based  upon Ai r 

Force  experience   in   fiscal   1972. 

Another   source  document   necessary   to   this   study   is   the  programmed 

technical   trainintj;   plan  of   the  U.S.   Air  Force.      It   is  usi'ii   to  obtain   the 

number of  prog rammed   students  to graduate   from each  course   in 1972. 

Both   the cost   and   the   training  plan data  were   compiled by   the Headriuarters 

of   the Air Training Command,   located   at   Randolph  Air  Force Base,   Texas. 

A  multipage   computer  printout   maintained   at   ATC  headquarters   shows 

the  cost   breakdown,   as  well   as  the   total   cost   per   trainee  graduated, 

adiusted   for  the  attrition  rate.     This  information was made available, 

on a   course-by-course basis,   for  ail   students   involved   in  technical 

training  command   courses   for   fiscal   1972.     Courses  are   identified  by 

course   number  and   title   in   this  data  bank.     The  cost   definitions  used 

for   the  various   accounts,   as  defined  by  the  comptroller   in   the  Manage- 

ment   Analysis  Office  of   the  Financial   Division,   are   given  below. 

•    Direct   Cost s--i'hosc costs directly  attributable  to  training 

i.e.,   pay   and   allowances  of   ail  personnel   in  the  school, 

contracted   and  purchasec'   services   (such   as   maintenance  nnd 
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repair  of   traininn   oqnipmont   and   Instruction),   supplies 

and   training  aids,   mal nt onanif,   POL,   anil   other  miscellaneous 

cost s. 

• Support   Costs—The  costs   lor  those   activities   normally 

considered   to   be   base  support   and   not   directly   nngafnd   in 

training; I.e.,   military   and  civilian  pay,   maintenance, 

supplies,   materials,   utilities,   rent,   commercial   trans- 

portntion  and  communications,   printing,   reproduction, 

and others. 

• Student   Pay—This   cost   is  computed  Ming   a   standard   rate 

lor each  rank;   e.n.,   ■  captain's  pay   is  based  on  an  average 

of   all   Air  Force  captains'   pay   (including pay,   allowances, 

and   benoiit s) . 

• Command Overhead—This cost   includes  tao  operating costs 

oi'   the command   headquarters   (i.e.,   ATC)   and  also  that 

portion of   the   support  costs  oi'   the   host   base   (i.e., 

Randolph)   allocated  to   the   headquarters. 

2.       U.S.  Army 

Within the Continental Army Comniand (CONARC) .  the U.S. Army has 

a standard methodology to analyze the cost of training lor all schools. 

It is the basis for providing the Comptroller of the Army with detailed 

cost analyses and costs per graduate for each course taught at CONARC 

schools. 

Using these raw cost data (fiscal 1971 costs per graduatrd trainee) 

collected by CONARC, inferences uere drawn about Army cost and manpower 

savings resulting from the introduction of new I.T.  Forms used by the 

Army Training Command to report these costs for each course identify the 

See the annex to this appendix, 
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specific  course  by   title  ;in(l   number.      Hi\\\  diiln   utic   taken   f rom  u   sample 

of   the  source documents   and   then  keypunched  and   stored   for  use   in 

the  analysis. 

Five   fields   <>f  data   were  used:     course   title,   course   number,   course 

IcnRth   in  ueeks,   throughput   in   terms  ol   normalized   ui'nduates,   and   total 

cost   per  normalized   graduate.     The  course  description  correspondinn   to 

the  given   course   number  is  obtained   from   the  Armv  Schools  Catalog. 

3.        l.S.   Navy 

In   1971   the   U.S.   Navv   had   13   separate  commands,   each  conduct l.in 

training  courses   for   its   particular  needs.      Each  of   the  13   commands 

maintained   its  own   schools   and   published   its  own  course catalogs  for 

the  training  offered.     The   13   commands  were: 

(1) A--Hureau  of   Naval   Personnel 

(2) B—Bureau  ol   Medicine  and   Surgery 

(3) C—Naval  Air Training Command 

(1) lr--Naval   Air Force,   Ailantic 

(5) E—Naval  Air Force,   Pacific 

(6) F—Submarine  Force,   Atlantic 

(7) G—Amphibious   Force,   Atlantic 

(8) H--Amphibious   Force,   Pacific 

(9) J--Training Comwori,   Atlantic 

(10) K—Training Command,   Pacific 

(11) L—Submari ne  Force,   Pacific 

(12) M—Naval   Air  Systems  Command   Representative,   Atlantic 

(13) N--Navnl   Air  Systems  Command   Representative,   Pacific. 

The  upper case   letter designator   is   the  first   element   of  a   training 

course  alphanumeric  descriptor that   identifies   the  sponsoring command 

for the particular course. 
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d«t« raporti on Rtvsl  tnining data,    rralnlnf withla tha i:( commands 

was MKroupad  into ■ tawar nturiiar of ■uhrn—anda,   includlni tht Chtal 

ol Naval Tactiaica] Tralalat ■«! kha Ciiie< of Naval Aviation Training. 

it   is aatlMtad that   tliaro aiv MNM 8000 training coursaa BIVWI  Ln 

tha r.s.  Navy and thai  undar tue na« famine comand    naalaatlon,  uom 

SO pareanl  of tbaaa Rra to ba (Ivan by  tha Naval lachalcaJ rralnlni 

CoMMad.    Thay  Lncliida aoal  of tha baalc ahllla eouraaa;  tho curs. s 

•1th tha "B" daalgnator,  orlvinatad in   tha Buraau of Madlclne and Burgary, 
a iv  t Mf axcapl ion. 

tor tins  raport.   tha  Lnforaatlon on training tlaa, coat,  nwriwr of 

tralnaaa,  and  ralatad couraa daacrlptlora  is data darlvad troa Mvaral 

Navy   aourcaa.      All   of   tha  courses   analy/.c-.i   ,n   (his   .vporl    lor  potonLal 

application of  t.T.  have mthar nn "A" or "r" pracadlng the nuwrlcal 

dlgua of  tha curse ninbar.    Thalr course daacrlptlom «ere take., tram 

■chool cataioga publlated by tha Buraan of Naval  taraoanal and the Naval 

hi r Ti'a in iu^  Commaiul. 

Tha data on  irain,.es graduated  tram tha couraai were takan froa 

tha   Naval   Teehnieal   Training   Commaiul   eompuler   print out   h.vide.I   "liasic' 

Lava]  Training Data."    For exanpla.   for tha baalc  tachaleal   training 

couraa for electronic technicians for course A-100-OOia,   tha une 

courae curricula,  content,  und  length are Kivan at   the Barvica Schools 

Ccmmna* mi  Oreal   Lakec and Ban Diego.    At  Baa Diego the couraa Idantifier 

ls   A-KtO-lKll.f.       For   lh>   purposes   o,    the   present    Ittidy,   Courses   A-1 00-001 1! 

«nd   A-lOO-OOia   are   treat..!   as   seuarat,.   data   entries.      The  actual    number 

Of    trainees   graduated   Irom   both   courses    is   taken    from   the   first    quarterly 

reports   of   llscal   year   1972-1973.     This   numh.r   Li   multiplied  by   lour   to 

obtain the total  year's estimate.!  throughput   for the two curses 
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These Drlntouta,  Md« availabl« by  the Raval   T«cbnlca]  Training 

(ommiind.  ara »vmmrin of  Infonuitioa thai  orlginatei m   tha claaarooa 

laval.    Pigura  10  is an <'x:,iii|)io ot  the  lourca dociaaanl   fron which  these 

sumnuu-i/ecl   data    u-c   eompi led.       Fhis    lorm   is   tha   baaic   mporl    pi-epa fed 

ai   iba Bchool   laval. 

Proa the Buraati of Naval  Paraonnal  Pormi]   Bchooli Catalog,   tha 

course descriptions of these same two con rses--A-I OO-OOl L' and A-1 Ol)-()()l ;{- 

glvan at two locations a r. ohtain.-d. For coursts with a "('" designation, 

ta   example   would   he   0-1)00-2012.    which   aai   selected    Crom   the   school 

catalog of the naval Air Training CoMnnd.     it   is an ncaapla of ■  short 

course.    CJ   weeks)    that    has   a   hi^h   throughput,      The   estimated   numher   ol 

fiscal   ltT2-10Ta graduatai  is calculatad as  four  times  tha cumulative 

gradttatai   shown   for   tha   first   quarter   (available   data   at    this   time),   or 

about    8800. 

To aaaiga costs  for  tha above "A" and  "c" courses,   the raaaarchar 

must   refer   to  another  Navy   publication,   line«   costs   are   not    typicalIv 

reported   and   summnrized   on   a   course-by-course  basis   in   the   various 

commands   where   training   In   given.      However,   nn   annual    cost   study   per- 

formed   bv   the   Buraati   Of   Kava]    Personnel   makes   possible   the  aaaigNMAl 

of   some   selected   raw   cost   dn   a   on   a   course-by-course  basis.      As   an 

example   of   the   procedure   used   for   the  Navy   data   under   the   KT-l,r)01   rating, 

a    IS-eeeh   course   in   the   KT-A   school    '..r   the   I--2   phase   shows   a   total   cost 

per   student    (including   school,   military   pay,   and   leave  costs)   of   81,888, 

or   «1,588/in   -  $122   per   week.      This   cost    per   week   is   multiplied  bv   the 

course   length,    in   weeks,    to   yield   the   estimated   training   cost    for 

t he   COMrse. 

The   second   sample   course-   is   entitled   "Aviation   Mechanical    Funda- 

ment a 1 s Course," ('-000-201 2.     During  the  first   quarter of   1972,   1888 
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NTECHTRACOM SCHOOL/COURSE REPORT 
CNTECHTRA 1500-6 
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trainees   uraduatecl .     Some   6500   are  expected   to   graduate   it   the   lust 

quarter   rate   is  maintained   lor   a   year.     The   per  week   eost   lor   the 

AMfT   course   assinne ,   to   these   6500   trainees   lor   the   purpose  of   an 

annual   estimated   cost    is  $129  3,   or  $113   per  week. 
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.Aiiii"s i.) Append I R B 

STANDARD METHODOLOGY USED TO DETBRMINE THE rosr PEE QRADUATE 

rOR ALL CONAHC SCHOOLS AND ARMY TRAINING CENTERS 
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Annes   in   Appciid i \   |i 

STA.NDAHl) HETMDüUXn   isin  ro IM IIKMIM    im   CO« PER GMDüATl 

von ALI, CONAK; scil()(.l.s AND Mm  TRAINING CENTERS 

1. Purpose. 

a. To provide CONARC School Commandants with detailed cost analyses and 
costs per graduate for each course taught in their respective schools. 

b. To provide ATC, installation and CONUJA commanders with detailed cost 
analyses and costs per graduate for each ATP conducted at USATC's under their 
command. 

c. To furnish the Comptroller of the Army and DCSPKR, DA costs relative 
to individual training conducted throughouc COXARC. 

2. Data Sources. 

a. Direct OKA and MPA cost data, ammunition expenditures, student/trainee 
input-output data, attrition. I'OI houn per course and other pertinent data 
related to the various  paining OCtlvitld is furnished Chia headquarters by 
Hi« rospeetlve Schoola «nd L'SATC'i in accordance with instructions eontalntd 
in letter, this headquarters, 21 July 1071, subject:  CONARC Cost Analysis 
Requirements (RCS ATCul-139). 

b. Expense, workload, workforce, population and other data used in the 
development of indirect (base operations and support) costs is furnished to 
this headquarters by the Installation« upon which training activittea are 
located in armroance with letter, this he.idnuar'-rs, 21 J-ly 1971, subject: 
CONARC Cost Analysis Requirements (RCS ATCOM-159). 

c.  Installation and activity mechanized Prior Year Reports. 

3. Methods of Computing Costs per Graduate. 

a.  Computation of direct costs. 

(1) Student ray and allowancee.  Course length in weeks X weekly rate for 
modal grad« of student (AR 37-29) - per graduate"cost.  NOTC:  In computing 
AIC costs coo «1 de ration r.-.ust be given to time apwit by trainee in awaiting 
start of training and time between completion of tvainin6 end shipment. 

(2) Travel pay   to  course.  Average on.'-way mileage (doterrlned from 
sample of student records) X $.06 = travel pay per graduate. 

NDTH:  Travel fr 
rerruit training. 

tm  course is picVnd Up in touting of units or next place of 
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(3) Per diem at course (TOY courses only). 

(a) Officer.  Course length in weeks X $35.00 ■ cost per graduate (if 
quarters are available, if not, per diem rate must be obtained). 

(b) EM.  Course length in weeks X $14.00 = cost per graduate. 

(4) Instructional departmental costs and ATC direct instructional costs. 

(a) MPA - Compute total military pay cost of each Instructional Dept, 
Including instructors, departmental overhead, command control, etc. 

NOTE:  Information is furnished in school/ATC reports In the form of yearly 
military pay costs or by average assigned strength by grade for the FY. 

1 Compute number of classes for each course taught.  Number of classes = 
% classes started in FY + ^ classes completed in FY. 

2 Compute total POI hours per course.  Total POI hours = POI hours per 
course X number of classes. 

3 Compute i'OI hours per graduate. POI hours per graduate = total POI 
hours ; number of normalized graduates. Normalized graduates per course = 
actual graduates - fc in training at beginning of FY + ^ in training at end 

A Complete steps (J.) through (3) for each course. 

5 Add total POI hours per course for each instrv Uonal department that 
expends any elfort into a course. 

6 Divide the total departmental MPA cost by the total POI hours of effort 
expended by that department to obtain the MPA cost per POI hour.  Multiply the 
MPA cost per POI hour tir.es the POI hours per graduate to obtain departmental 
cost per graduate for each department.  Add the per Rraduate cost for each 
department to obtain total MPA instructional department cost per graduate, 

(b) Repeat the same process to obtain the instructional department cost 
per graduate in categories of civilian pay. supplies and equipment and other 
OMA. 

(5) School overhead and school support command or brigade. 

(a) Determine total school overhead MPA, civilian pay, supplies and 
equipment and other. Includes Commandant, Office of the Secretary, DOI, 
supply and maintenance elements, administrative support, ETV, etc' 

(b) Determine total manweeks of training per course and manweeks per 
graduate per course. 

Total manweeks training per rourse = (normalized graduates + t attritions) 
X coursr length in weeks. 
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Total manwecks per graduate = total training manwecls per course • 
normalized graduates per course. 

(c) Divide each cost element for total school overhead by the grand 
total of training manweeks for the entire school -  arrive at a school 
overhead cost per training manweek. 

(d) Multiply the results times the manweeks per graduate for each course, 
and divide by the number of normalized graduates in each course to arrive at 
a cost per graduate by cost element. 

(e) Repeat the same process for the cost elements for the school support 
command or school brigade. 

(6) Ammunition - Total cost of ammunition expended per course * normalized 
graduates per course = ammunition cost per graduate. 

(7) Major PEMA item depreciation. 

(a)  Using acquisition costs for all PQfA items issued to each instructional 
dept, determine yearly amortization costs.  Tanks, trucks, artillery pieces, 
etc. amortized over a 12 year period; tactical radios, small arms and other' 
small items amortized in 5 years. 

(t) Add yearly amortization costs for each dept. to arrive at total equip- 
mct t depreciation conts per dept. 

(c) Divide department depreciation cost by total department P01 hours to 
arrive at cost per POI hour. 

(d) Multiply the cost per POI hou tines the POI hours per graduate per 
course to arrive at department cost per graduate for each department. 

(e) Add cost per graiuate for each department to arrive at cost per 
graduate per course. 

b.  Computation of Indirect costs. 

(1) Indirect costs consist of a pro rata share of base operations, medical, 
training aids, family housing admin, and TOE suppori: of training. 

(2) To compute costs per graduate the. following steps will be taken: 

(a)  Determine school/ATC share of base overhead in the following manner: 

B0000, C0000, H0000, JO00O and N'0000 - average population of school/ATC 
(including students, trainees, overhead, sUaff and faculty, etc.) - total post 
population («ssigned, attached, tenant units, TOE units, trainees,'students, 
etc. miuur. those assigned to base operations accounts) = school/ATC percentage 
share of these accounts.  NOTE:  Rationale for this computation is that base 
overhead personnel and services are provided for tenants, schools, TOE units, 
etc., and that if these activities woro not present, there would be no need 
for the bar.e evethead. Therefore, base ovcrhcaa is distributed t .ill 

ill 
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activities on the installation other than the base overhead itself.  Part of 
base administration is not distributed to maintenance and vice versa. 

C0000 - End items processed for school/ATC '-   (divided by total end items 
processed - those processed for base operations accts) = school/ATC 
percentage share of C0000. 

K0000, L0000 and M0000 - square footage of bldgs and facilities assigned to 
school/ATC '-   (total installation square footage - square footage assigned to 
base operations accts) = school/ATC percentage share of K0000,'LOOOO and M0000. 

1900,720000, 840000, 390000, and 818097.2 use population calculations as indicated 
for B0000, C0000, etc., except in 840000 account include retirees and dependents 
in determining total installation population. 

(b^ Multiply percentages derived in paragraph 1 above times total instal- 
lation civilian pay, supplies and equipment, other DMA, and MPA costs in the 
appropriate base operations accounts to arrive at school dollar share in each 
account. 

(c) Divide school share of each account by total school/ATC manweeks of 
training to arrive at cost per manweek for each account. 

(d) Multiply the cost per manweek for each account by the manweeks per 
graduate for each course to arrive at the cost per graduate. 

(e) Add MPA costs and CMA costs for E0000 through N0000 to determine base 
operations cost per graduate in MPA, civilian pay, supplies and equipment, and 
other. 

(f) Installation mission costs are displayed separately in OMA and MPA 
for each account. 

(3) TOE Support Costs. 

(a) Personnel. 

1. Compute mandays by grade devoted to each course. 

2 Multiply by number of classes. 

3 Multiply result obtained in 2 above by daily pay rate to arrive at cost 
by grade. 

U    Sum costs for all grades of TOE personnel supporting courses. 

5 Divide result by number of normalizea graduates to arrive at TOE, MPA 
support cost per graduate. 
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6 Repeat for each course that receives TOE support. 

(b)  Equipment. 

1^ Determine equipment days by type utilized by TOE units in support of 
each course. 

2 Multiply by number of classes. 

3 Compute daily depreciation costs for each piece of equipment.  (Acquisition 
cost * amortization period in years * 365 ■ daily depreciation.) 

A Multiply results obtained in 2^ hy 2 t0 obtain total depreciation cost by 
equipment type. 

5 Sum costs for all equipments used in support of course. 

6 Divide by number of normalized graduates to arrive at PEMA equipment cost 
per student. 

2 Repeat for each course. 

c.  Total and variable direct (mission) and indirect (base operations). 

(1) Mission costs. 

(a) Using student nanycars (average yearly ItudonC load) as the independent 
variable and OMA mission costs for each school and uraining center as the 
dependent variable, perform a 2 variable linear regression with 5 years of data 
available in the CON'ARC data bank.  (NOTE: This has already been accomplished 
for OMA, utilizing 4 years of data in the developi.ien' of budget cost factors.) 
Determine the fixed OMA cost and the variable cost per student/trainee year. 

(b) The slope of the regression line (b in the equation Y « a + bx) will 
represent the variable cost per student year. 

(c) Using the same technique as described in (a) and (b) above, determine 
the fixed cost and variable MPA cost per student manyear.  Total MPA for the 
school or training center will be used as the dependent variable.  NOTE:  Student 
pay and allowances and per diem, when authorized, will be added to the variable 
MPA cost per student/trainee. 

(d) Using the fixed OMA and MPA costs developed for each school and ATC 
by the 2 variable regression directed in c, (1) (a) and (c) above, compute the 
variable cost per student per course in the following manner: 

Total fixed cost for school or ATC = $2,500,000 
Total student manyears for entire school or ATC =     3,000 
Student manyears for course X = 120 
Percent of fixed cost attributable to course X =120 ■ ,4 percent 

3000 
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Fixed Cost for Course X «= $ 10,GOO 
Total cost for Course X (determined in para 5b) = $120,000 
Variable cost for Course X = $120,000 - $10,000 = $110,000 
Ncrmalir.ed graduates Course X = 250 

Variable cost per graduate for Course X = $110.000 = $4A0 

250 

(e) The accuracy and validity of the fixed and variable breakout will be 
tested in the following manner: 

Fixed cost per student per course X number of normalized graduates = fixed cost 
per course. 

Summation of fixed cost per course for all courses = total fixed cost for 
school/ATC. 

Variable cost per student per course X number of normalized graduates = triable 
cost per course. 

Summation of variable costs per course = total variable cost for school/ATC. 

Total fixed cost for school or ATC + total variable cost for school or ATC = 
total computed cost. 

Total computed cost = total reported cost for school or ATC. 

(f)  PEMA costs per student will not be broken out into fixed and variable 
segments.  PEMA costs attributable to a student/trainee are those generated by 
expenditure of ammunition and depreciation of major items of equipment used in 
training. Ammunition is normally used by the student/trainee and no portions of it 
can reasonably be allocated to the "fixed" element of a school, training center 
or department.  Therefore, it will all be considered as a total cost directly 
chargeable to the student/trainee and the amount expended per course or ATP will 
depend on the student/trainee input.  PEMA equipment issued to a school or 
training center depreciates at a rate that is dependent upon its expected usable 
life and its intensity of use, however, many items of equipment become obsolete 
prior to "wear out" from use by students and trainees. Under these conditions, 
that is when the equipment is depreciating at seme unknown rate merely because 
it has been issued to a school or training center regardless of its use by 
students/trainees, there is no known accurate method for determining that portion 
of depreciation costs which are fixed and that portion which vary with student/ 
trainee load and hence, intensity of use.  Therefore, costs related to deprecia- 
tion of equipment used in training will be commuted in total only. 

(2)  Base operations costs. 

(r)  Fixed and variable base operations OMA cost factors developed during 
the Maioun Study, and which are to be refined and updated in accordance with 
DA letter, ACAA COMPT-SP, 2 Apr 71, subject: Analysis of CONARC Base Operations 
Funding (Xaroun Study) will be used ar.  a base point for determining the variable 
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cour"rorfATr ^f^5.costs ^tribuLable  to each student/trainee in each 
course or ATP.     The  following specific methodolcgy will  be employed: 

MM^itXTiri r/05'/"8radi,atc pcr w*™ - ^n^ ^ cost «naiysis btudies of Schools and Traininc Centers (para 5b). 

HKiJÜ! r386 0Perati0nS ^ COSt Per equate per course - variable cost Is 

ÄS^r.^ 11 ZZZT  "^ f0r "- 0PeraCi0nS " ---UtiJn^pon 

follX"!^: StUdent Per C0UrSe Wil1 be COmpUted aS ^-^ I" the 

Variable OMA Base Opns Cost per MMY 
Course Length for Course X 
Military Nanyear a 

Variable Cost per Student for Course X ■ 

$400 
20 weeks 
52 weeks 
20 x $A00 
52 

$153.85 

medical  costs  to each st.,c!ont/tral„co «Jultld fj^ Sllie^i T    ^'i*"]' 
centers.    Ih. .othodo.o^ developed liH ST^S S^U JJS! Cri'lnl'"! 

5.  Data Adjustments. 

!: ^^ P^P^ly and adequately identified dnta has been adjusted to 

osts that contribi 
been allocated to course*.  Examples of 

insure that to the mxim.n  .xu , t_ ,._. M- only ü^u-  .osts that contributed 
directly to resident instruction have 
adjustments are: 

(1) Exclusion of OMA and MPA costs i 
departments. ncurred by non-resident instructi on 

tlonal'dc'erin^rifsnt^'"!'/^1' ^  "'T' ^  '^"'^ * » '»"«• 
not  taogh't in year bj;,' ana,;^ C°"""  t0 ^ UUC"t '" "*"V" "'• but 

eouries r^^:'^^^—" « '••"««•- "•«• only to those 
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b. AU öollais used in this analysis have been inflated to the FY 72 level, 

6.  Attached at Inclosure 1 are costs per graduate/trainee for each course 
taught during FY 71, broken out by direct and indirect in the three appropri- 
ations of OMA, MPA and PEMA, and further broken out by total fixed and variable 
in OMA and ?EMA. 
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DEPARTMENT OF THE AIR FORCE 
AFHRL TECHNICAL TRAINING DIVISION (AFSC 

LOWRY AIR FORCE BASE, COLORADO   80230 

2ü October 1972 

Thomas Marshall 
Stanford Research Institute 
Menlo Park, CA 94025 

Dear Tom: 

As indicated in our telecon, I am sending along some material to assist 
you in your effort to document cost savings made through the application 
of Instructional technology. 

Four separate studies are covered in this letter, two of which are in 
the final stages of completion just before publication, while the other 
two are already documented as Technical Reports. Let me begin by 
describing the former two in some detail. 

These two contracts have been completed in the Precision Measurement 
Equipment (PME) course and the Inventory Management (IM) course here 
at Lowry. Each contract dealt with only selected units of instruction 
in each course. The first completed contract resulted in the individualize- 
tion of one block of instruction in the PME course. The work was done 
by Logos, Inc. The second contract resulted in the individualizatior of 
selected lessons in Blocks I and III and all of Block IV in the IM course. 
This work was done by the System Development Corporation. 

The block of instruction individualized in the PMr course covered two 
major skills-precic,ion soldering and troubleshooting electronic test 
devices. The main purpose of the contracted effort was to determine 
feasibility of individualizing the particular class of materials found 
in the selected block of instruction and not with trying to compare 
group with individualized instruction. Logos developed a highly 
mediated set of lesson materials to teach the task of precision solder- 
ing. Their approach involved the use of tape cassettes, 8mm film loops, 
and picture books in addition to the normal technical equipment needed 
to perform this type of task. The instructional strategy for teaching 
precision soldering centered on the use of an imitative mastery model. 
Implementation of the developed materials showed that all students were 
able to achieve the stated objectives with an average 40'. savings in 
time. Since criterion testing was utilized, no direct performance 
comparison can be made to the group instruction. With criterion testing, 
a student was not allowed to proceed until he achieved a stated objective; 
thus, for all students, a IQOt level of achievement was recorded. 
An important measure under criterion testing is the number of times it 
takes a student to reach the objective(s). For the precision soldering 
lessons, the minimum total trials to criterion is 14. The average 
total trials to criterion attained was 18.6. A further breakdown of 
this information is provided in attachment 1. 
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Logos used an instructional strategy based on the use of algorithms to 
teach troubleshooting of precision test equipment. This methodology 
resulted in a 38" savings in instructional time witn all students achiev- 
ing the stated criterion objectives. The algorithniic method relied 
heavily on the use of printed materials and required frequent involve- 
ment of instructors to set up training equipment for the student's use. 
Instead of the instructor setting up equipment once for a group of 
students, the individualization of instruction required an instructor 
to inject a malfunction in a piece of test equipment for each student. 
The management burden resulting from this situation tended to negate 
the tfficiency gains on the part of the students. Attachment 2 gives 
the times to mastery for troubleshooting. 

In the Inventory Management (IM) course, the last block of instruction 
(Block IV) and a total of five lessons in Blocks I and III were in- 
dividualized. Except for one lesson that dealt with the use of a tele- 
type terminal, the material taught in the selected IM lessons was 
conceptual in nature and involved procedural learning tasks. The main 
body of all lessons was taught through the use of programmed texts 
which al1nwed branching within themselves. Selected lessons also had 
a sound/slide presentation which served as both an advance organizer 
and as a review item. The results of the SDC contract are summarized 
in attachment 3-6. 

Attachments 3 and 4 give the results for the small group validation 
of the IM instructional materials. Attachments 5 and 6 give the 
results for the large group operational tryout of the materials and, 
in addition, allow comparison of the small group results with the 
large group results. Large group, operational tryout of instructional 
materials only occurred for Block IV. The results of the operational 
tryout showed a 47% savings in time with a 91% average achievement score. 
The conclusion that can be drawn from the work done in the PME and IM 
courses is that individualization of instruction can reduce or eliminate 
inefficiencies that are inherent in group instruction resulting in 
considerable reduction of training time without any loss in achievement. 

The second pair of studies will be discussed only briefly. Abstracts 
and summaries of these studies are included as attachments 7 and 8. 
Attachment 7 deals with the training of Medical helpers at Sheppard 
AFB. Note that only a very small portion of the course was altered 
via the introduction of audio-visual techniques; namely, a single 
chapter from a programmed text. The major benefit was time saved 
through elimination of redundancy. With respect to the two training 
methods, there were nonsignificant differences in performance on a 
test covering the material taught. The 75% time savings claimed here 
can be generalized only with caution. 
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Attachment 8 is included to point up a problem of which I am sure you 
are aware. Here there was no time saved (in fact, on the average, 
.ne amount of time spent reading the material doubled), but statis- 
tically significant gains in performance were registered. How to 
evaluate gams in performance using a dollar criterion remains a 
major obstacle to assessing the overall cost effectiveness of intro- 
ducing instructional innovation. 

Incidentally, during my visit to Randolph earlier this week, I alerted 
Chet Bueker and Don Meyer that you might be contacting them. If you 
have any questions regarding the attached material, or we can be of 
assistance in any other way, feel Vree to give me a call. 

Most cordially, 

MARTY R.^ROCKWAY 
Technical Director 

8 Atch 
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Soldering Criteria 

» I 7inning Xicada 

<50  Tip 

Siv.glo rioolc 

DouLle Hook 

Sincpo  Turret 

Double Turret 

ttosistor IW 
i 

-! Rosictor l/2v.T 

/j Resistor 1/4W 

/ ! Btt&S Wires 

//' Transistor 
i 
j Conical  Tip 

- i Pitt  Peck 

.| Coxmoctor (s) 

TOTAL  TRIALS 

KiniiRuni Trials 
{li x 14) 

TABLE VI 

TRIALS TO MASTJJR 

Cl«ßC 

N«"3 2 ■13 0. 

15 

14 

16 

15 

12 

13 

15 

14 

12 

12 

14 

IG 

17 

16 

201 

160 
 I 

27 

19 

22 

20 

22 

15 

IS 

25 

21 

24 

25 

19 

19 

18 

182 

ivomfto Tritt} a 
:o Qri ccrion 

13 

13 

13 

13 

13 

13 

13 

13 

13 

13 

13 

13 

13' 

13 

132 

i\''X. 

17 

21 

41 

23 

21 

26 

13 

15 

13 

13 

15 

15 

13 

13 

Ä"ll , ::- 

26 

15 

16 

19 

13 

16 

15 

13 

13 

14 

16 

14 

15 

13 

CiC; 

82 
I 

108 | 
1 

90 ! 

81 

l.SCO.^ 

1.325 

1.743 

1.453 

1 

83 > 
I 

75 

BO 

72 • 

B3 ] 

77 

77 • 
\ 

7 4 i 

j. . .< »•i- 

1.20:. 

l.li:.: 

i.2i.; 

v ■ - 

1 >J 1 '" 

I.?.A: E 

259 218 18,S2C5 

1Ö2 15-1 8C8 

'1.196     1.021     1.000   11.42 
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32:00 
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25:00 
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Possible Actual 
Mininum  Average 
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Table 111-10. Stage 2 Validation Student t'erforx-r.cc Laua SoHB&ry 

Ü-OCK 

I-III 
Lesson 

/ 

N 

«t £ 0 0 

/ 

'    ? / f   Bloc 

Av0 / 4 
IV 
Less 

1 3 90 
2 2 93 
3 4 88 31 87 
4 5* 71* 
5 22 73 
6 13 84 
7 7 91 82 87 
8 2 98 
9 1 97 

10 0 100 29 89 
11 11 62 
12 1 97 
13 12 83 71 88 
1A 5 93 
15 12 83 
16 i 94.5 
17 1 96 

i 

13 0 100 25 97 
19 1 96 1 
20 1 96 , , 1 

incomplete data, based on M 
of 17 enabling items. 

on 

/ I 
£ 

•V 4? 
«? 

i —r 71 I ^ 6 70 | 
3 2 90 21 7> 
4 5 7& 
1 ii ' I 

im 

19 
8 

21 
87 
66 

r 5 4 92 5 
r 
0 ö 53 
7 H 79 

...s 9 8J I 
85 
93 3: 

5 i 
6 i 
' i 
3 ! 
5! 15 ; 80 
6 12 84 
7 I 17 | 77 
8 I 20 I 73 

93 i 
87 55 

1 

65 
91 i 

■ 

75 

5 l 8 74 
6 9 71 1 

31 70 
7 10 bo 1 

3 t 10 66 1 

5 i 4 7v 1 

t   1 80. 5 ! ^ i 
•7 

7 j 0 100 I 
8 1 7; 

h I  7/' / J 
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1 Scpcember  1-^72 3-324 
Syscex Dcvdoptbenc Corporation 
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Table III-ll. Stage 2 Validation Studer.t Learning Tine Data 3ur.ir.ai-y 

BLOCK I-III 
TOTALS 

BLOCK IV 
TOTALS 

Lesson 
Student 

o 

■.c 

ir 

J 

« C 
m > ■ 

to CO        i' w *s     .^ 
(0 (B     N 

01 
N £7  ^f 

I 
i. 

CO 

•"y   Lesson 

1 
2 
3 
4 

15 
9 

16 
16 

1:17 
1:14 
2:19 
1:20 

16 
21 
16 
U 

3 

i 

57 
59 
23 
5 b 

49 

5 
6 
7 
S 

6 
6 
6 
7 

3:46 
3:44 
3:34 
3:06 

1:39; 
mo 2 
1:03 j 

52 

68 
69 
70 
74 

70 

9 
10 
11 
12 

7 
8 

12 
8 

1:54 
2:04 
2:18 
1:38 

15   - 

1 i   1 

1 7 

31 
23 
40 

34 

13 
14 
lb 
16 

10 
7 

10 
7 

5:00 
4:32 
4:44 
5:26 

53 
53 i - 

1:05!  'J 

1:01, 

3S 
45 
41 
32 

39 

17 
18 
19 
20 

9 
3 
9 
6 

1:31 
1:37 
1:35 
1:35 

18 
11 
14 

4 

38 
43 
40 
40 

39.5 

/   - 

Student 

1 
2 

3 
4 

t» Cc t( 
• 5*1 0 

o lv to 'Jj 

i. Oi M J3 « 
<t ■u W TJ iO 
c .fj H 

6 
7 
8 

6 
7 
8 
5 
6 
7 
8 

N -': r-,      Cj "V * 

16 1:14 1 13 63 
12 

3 
1:36 
1:19 

17 
16     J 

47 
56 59 ; 

5 1     53 ; 1 -»  ( 
- '   i 70 

i 13 5:04 57 i M i 

2 

3 
I* 
^  C 

3:34 
5:23 

1:29L i 
l: i 71 

5d 
37 PJ 

IS 3:26 1:2?;    . 3 6  ! 
5 16 2:39 - -   ; 

■3'   !      1 *   1 
6 12 2:29 30 -i 1 71 j r 

7 13 2:49 35        ! 6^ 1 'x 

3 20 2:36 48 i ? " 

I ? 

:27 
;4v 
:04 
il9 

32  I» i 

07 
47 
55 
n* 

30 
23 
23 
26 ; 
J^ 

2S 
51 

I    "• 

54 
;07 

46 i  
21  i 
18 U 
26 ; 

06 
UO i 

t  i 

70 
I -jü    ! 

M   ! 
co 
69 
76 
35 

II 

i i 

c 3 
fi"! 

5 - 17 10  1     i V  l 

6 - 51 _   i 

'is1 
7 - 18 10   j      | 90 ; 

8 - .19 ■ S ■  ' 
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System Developv.^r.t Cürpoi-^_ic.i 

18-4775/001/02 

Block 
IV 

Lesson 

1 
2 
3 
4 
5 
6 
7 
8 

Grcnd Mean 
Score 

Table 111-15.  Smali/Larre Group HttetmUCM  CoSMTitOn 

Small Group 
TryouL (Stage 2) 

Number 
of 

Larr;e Group 
Tryout   (Stave  3) 

Lesson    Lesson 
Item        Mean 

.\uir.ber        uesson 
of item 

Students    Nu-.bcr     Score     '   Studantl    Kufflbl 

4 
4 
4 
4 
4 
4 
4 
4 

21 77 
61 72 
53 85 
41 88 
55 89 
75 79 
:i 70 
19 87 

■er 

20 
20 
20 
20 
20 
20 
20 

Lesson 
MM» 

Score 

21 93 
60 89 
53 92 
46 93 
56 90 
76 91 
Al 85 
19 96 

81 91 

Inprevostönt 
j ParfonuuiCK 
i in Sta^-ä 3 

+ 
+ 

+ 
+ 
+ 

1' r* 

177. 
7Z 
5% 
IX 

UM 

15:: 
o-/ 

+ 102 

Table 111-16 presents summary learning time data for the eight Block IV lesso:u 

Raw learning time data for each student are located in Appendix C of this r«9ol 

Table 111-16. Stage 3 Validation Student Learning Tiu 
Data Summary 

Block IV 
Lesson 

Mean 
Learning 
Time (:;=20) 

Current 
Class 
Hours Z Savtd 

,4 T r^^ 
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1 September 1972 
o_ Jji 

SytcMi Devcicpinfeuc Ccrpcrati. 

Table 111-17 compares ri=a 3avinSs cccurrin- in the Stag« - valid^tioa vit. 

those in the Sta^e 3 validation. 

Table III-17.  Suall/Large Group Tiftt S..vir.3s CospariSM 

Small Group Lav-^c  Group 

Block (Stage 2) (St«g« 3) Diiicrance 

IV Tine Savings Time Saving Stage J HiatM 

Lesson Mean % Ma .-in % S^i-'-i 2 % 

59 54 - 5 

43 21 - 22 

71 53 - 13 

665 50 -165 

66 56 - 10 

71 46 - 35 

67 A t - 21 
- 7,5 89.5 S2 

66 47 - 19 

As shown in the table, Kis» savings in the lar^a group trials wc^ no: rui 

so dramatic as those,in tne small group trial»,  althcu:;h the Kivi^sa :y~ 

large group trials r-ore than meet the criterion established, which Via  30^ 

The Stage 3 time savings are more realistic predictors of lesson tiac*  tti 

course as it will be given, since conditions in the Stage 3 trials cur« a, 

approximate actual course conditions. 

Student attitude data are sutimarizid in Table 111-13. 
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ABSTRACT 

«,a.o^ i      ^ 'K       ed ^ lcarning efficiency and e^ctivencss of teaching an 
e^r Ir . P yS,0   ' ^  SyS,em   *!  Air   Force enlisted  trai"e" utilizing ^ expenmental aud.o.v.sual.       ammed module and a commercial linear programmed text 
SCÄTSTJ 52 l' ' ':di0V,SUal r****** approach to Ln^ng was more 
efncient than and equally as e.fecUve as the programmed text approach to training. I. 

Tbouf £T    ^ tia,nCeS
f
0f differCnt learnin« ab,liües ««NS- '""ch knowledge 

£i:unE ^"80^0^ T ^T8^'6 20minU,e audio-vlsual module - f— 
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SUMMARY 

Federico, P.A. Evaluating an experimental audio-visual module programmed to leach a basic anatomical and 
physiological system. Al IIRL-TR-7I-37. Lowry AIB Colorado; Technical Training Division, Air 
Force Human Resources Laboratory, July 1971. 

Problem 

Air Force enlisted medical and dental pcnonncl bepin their training with the Medical Service 
Fundamentals Course at the Medical Service School (MSS), Sheppard Air Force Base, Texas. Included in 
the core curriculum are units of instruction planned to teach rudiments of medical tcrminoloiry, anatomy, 
and physiology. Currently. MSS is using a linear programmed text to teach these subjects which are needed 
as a basis for understanding structures and functions of major mechanical and chemical systems of the 
human body. Despite precautions taken by the author of this text, training managers at the MSS were 
concerned that some of their less literate trainees were havmu difficulty following the propramined text. It 
was thought that students were not given sufficient exposure to audio-visuals to enable them to view 
subject matter in an integrated way, or to understand its overall organization. The primary purpose of this 
study was to determine whether a newly developed audio-visual programmed module was more effective 
and efficient than the currently used programmed text for teaching an instructional scgnu-nt on the 
digestive system in the course. A secondary purpose was to estimate student opinions and reactions to this 
audio-visual programmed approach of teaching this system, as opposed to the written programmed 
approach. 

Approach 

An audio-visual programmed module was developed to teach the IttdknentS of the digestive system. It 
consisted of synchronized 35mm color slides and an audiovisual tape; and it covered the same enabling 
objectives as the corresponding chapter from a linear programmed text. However, the script was not as 
redundant as the written programiiijd material. Air Force enlisted trainees had been randomly and 
previously placed into four classes; and educational media were randomly assigned to these classes 
according to a Solomon four-group experimental design. Statistical comparisons of the groups were made 
in terms of posttest performance. Also, a theme analysis was conducted of student reactions and opinions 
toward the audio-visual program and written program. 

Results 

It was demonstrated that the audio-visual programmed approach to training was more efficient than 
and equally as effective as the programmed text approach. It was possible to reduce the duration of a lesson 
as much as 75 to 83 percent while still maintaining its elfectiveness by using a minimally redundant 
audio-visual instructional module. Trainees of different uttellectual abilities acquired as much knowledge 
about the digestive system from viewing the 20-minute audio-visual module as from interacting for 80 to 
120 minutes with the programmed text. Students who differed in their mastery of the rudiments of 
anatomy, physiology, and medical terminology performed equally well after audio-visual instruction or 
after written programmed instruc ion. Trainees reported more positive reaction to the audio-visual program 
than to the written program. 

Conclusions 

In view of the findun ., it was recommended that within the Medical Service Fundamentals Course 
the utilization of audiovisual programs be maximized and the utilization of written programs be 
minimized. 

This summary w ^ prepared by Pat-Anthony Federico. Technical Training Division, Air Force Human 
Resources Laboratory. 
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SUMMARY 

Scllmm.  Wayne   S.   tffttHmmm  of tmtth id   MM«  ma^n^ for k*.***_***?' 
AFHRLTR-70-16. Lowry AFB. Colo.: Technical Training Divtsion. Air Force Human Resources 

Laboratory. June 1970. 

Problem 
With the influx of New Mental Standards airmen, many Air Force training experts have expressed 

concern that existing career development courses(CTXs) are written at a hvel which is too (hfficult to be a 
satisfactory training device Recoenumg the need for training materials appropriate tor use by low aptitude 
personnel. CDC writers at Chanute Technical Tra.nmg Center developed a new CDC format expressly 
designed to reduce some of the leaming skill requirements imposed by conventional CDCs. The present 
study was designed to determine if modifying CDC format through the simplificauon of written materials 
and addition of audio supplementation could improve the CDC as a training device. The experimental UÄ. 
was especially designed as an aid to teach basic job information to airmen possess-ng minimal verbal skiUs. 

Approach 
One hundred eighty technical school students at Lowry Air Force Base. Colorado, subdivided into 

high, middle, and low aptitude groupings, served as experimental subjects. Mental category status of each 
airman was defined in terms of his score on the Armed Forces Qualification Test (AFOT), the measuring 
liistroment used to determine whether or not an individual meets acceptable mental siandards for induction 
or enUstment. Three versions of the CDC for the 57130. Fire Protection, career ladder were used in the 
study: (a) a conventional CDC as published by the Fxtension Course Institute and used Air Force-wide for 
on-the-job training, (b) an experimental CDC with lowered reading requirements, additional illustrations. 
and a double-spaced, sintde column format, and (t) the same experimental CDC wiili an accompanying tape 
recording which reiterated material presented In the CDC. Criterion measures included a fire protection 
achievement test, the length of time required to read the CDC. and a questionnaire concerning subject 
attitude toward the CDC. Twenty subjects from each mental ability category were asked to study each CDC 
and respond to the test and attitude questionnaire. 

Results 

The results indicated that modifying the conventional CDC by reducing the reading level, augmenting 
the number of illustrations, and changing the format to a single column, double-spaced page produced 
statistically significant differences in learning scores. Middle and low aptitude personnel showed greatest 
learning using the CDC with audio supplementation. High ability personnel showed only slight differences 
across all CDCs. High and middle aptitude personnel consistently outperformed the low aptitude group 
across all CDCs. and they oemonstrated faster reading timej as well. 

Conclusions 

CDCs should be written at a reading level appropriate for the majority of airmen in the career ladder. 
Additional illustrations and pictorial materials also seem necessary. The comparisons of CDCs indicated that 
most personnel learned more when using the CDC with audio supplementation. However, more definitive 
research and analyses must be completed to determine if this will be a continuing trend across all aptitude 
ranges and career ladders. 

This summary was prepared by Wayne S. Sellman, Technical Training Division, Air Force Human 
Resources Laboratory. 
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